









! ina Curtiss Motor 







HERE are 36 bushings in each Curtiss Motor 
which must not go wrong, 


The failing of any one of these bushings would imme- 
diately force the entire motor out of commission— 
force it to be taken out of the airplane and torn down 
to get at and renew such bushing. 


But Curtiss policy and Curtiss engineering permit of 
no chance-taking. 


On these small but tremendously vital wear-subjected 
parts there is no half-way in a Curtiss Motor. No 
“price” can influence. Quality rules. —Not quality 
shown by a single test or a hundred tests, but quality 
which has lived and proved its uniformity by the acid 
test of years. 


NON-GRAN Bearing Bronze is Curtiss choice because 
of its proved adequacy and the certainty of its main- 
tained uniformity. 


American Bronze Company 
Berwyn Pennsylvania 
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The 
BUILDING OF THE UNITED STATES 
MILITARY TRUCK 


of America military truck for the Quartermaster 

Department has been practically completed, it is 
possible to give the members of the Society a general 
idea of the construction of the various parts, and of the 
plans made for producing the immense number of mili- 
tary trucks that will be required early in the coming 
year. The work already accomplished represents an im- 
mense achievement, and the Society may well be proud 
of the opportunity for national service thus granted so 
many of its members. 


An article in the July issue of THE JOURNAL sum- 
marized the work done by the Society in preparing mili- 
tary truck specifications, and also told what was accom- 
plished by a series of conferences on truck parts held in 
June and July and culminating in a meeting held July 
20 and 21 at Columbus, Ohio, at which it was announced 
that a completely standardized military truck would be 
designed, the work to be supervised by the Quartermaster 
Department and actually done by engineers who would 
be asked to enter temporarily the service of the Govern- 
ment. 


As a result, fifty engineers experienced in the design 
of trucks and of the important parts entering into trucks 
were assembled at Washington early in August. Under 
the supervision of Col. Chauncey B. Baker, Q. M. C., and 
of other officers, including Captain William M. Britton, 
who has been engaged in the military truck specification 
work since its inception, these engineers were ordered to 
submit as soon as possible complete designs for the 
Class A and Class B military trucks. While these trucks 
are rated to carry 11% and 3 tons pay-load respectively, 
they will really be comparable with 3 and 5-ton commer- 
cial designs. It was decided to build the best possible 
trucks for the severe service they will receive at the 
front. The idea of interchangeability has been embodied 
in every part, the design to be settled down to the last 
bolt, screw and nut. 


The month of August was spent by the engineers in 
discussing general type and arrangement of parts. Many 
difficulties naturally appeared, and it was necessary in 
some instances to sacrifice personal opinion and to modify 
present practice in some degree in order to secure the 
best construction. It was necessary not only to secure 
the best construction, but also to design a product that 
can be produced in the necessary quantities at the time 
when the trucks shall be required. 


N=. that the work of designing the United States 
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The engineers were divided into groups taking up such 
subjects respectively as the engine, the transmission, 
clutch and control, the axle, the electrical equipment, the 
steering gear, the springs, and the chassis. Each group 
had a spokesman, and under him were a number of en- 
gineers selected in view of their knowledge of various 
phases of the problems to be considered. The first named 
six groups studied their unit assembly detail problems 
and then referred their findings to the chassis group 
which had the duty of coordinating the complete design. 

After many preliminary layouts had been prepared, a 
result was arrived at that withstood the joint criticisms 
of the engineers. In many cases the preliminary lay- 
outs were submitted to manufacturers, their advice being 
sought as to the production possibilities of the design. 
As the drawings are finished they are submitted to well- 
known truck engineers who have not been engaged imme- 
diately in the work, criticisms being given careful at- 
tention. 

On Sept. 1 the fundamental designs were completed. 
The work then involved the coordination of the various 
units. A Schedule Committee, composed of representa- 
tives of various of the engineering groups, with A. W. 
Copland as chairman, was formed in order to insure the 
delivery of sample parts so that two trucks could be 
assembled and tested early in October. It is expected 
that this latter will be accomplished. 


When it is considered that the development of a new 
design usually requires from three to six months before 
experimental work can be started, the extent of this 
achievement can be realized. It was made possible only 
by the utmost cooperation of the engineers engaged in 


the work, as well as of many parts-makers throughout 
the country. 


Details of the Engine Design 


The work of the engine group has been ahead of that 
of the other groups, as regards the speed with which 
the design was finished and sample parts produced. For 
instance, it is understood that the crankshaft die for the 
new engine was sunk in seven days. The crankcase 
pattern and the first casting were made in five days after 
the receipt of drawing. Similarly the cylinder casting 
was produced in five days. These are parts that it usually 
takes from three to four weeks to complete. 

The military truck specifications as issued by the War 
Department last May called for engine to run at a piston 
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speed of 1100 ft. per min. There is now an alternative 
specification based upon the revolutions per minute of 
the engine. It is therefore possible to calculate the cor- 
rect ratios of the transmission and of the rear axle so 
as to obtain great ability and unusually high tractive 
effort on first speed. The result will be a good perform- 
ance as regards fuel economy on the high speed, because 
the truck engine will be working at a high load factor 
and at a speed of maximum economy. 

After preliminary designs had been laid out for both 
Class A and Class B engines, it was found that a con- 
sistent design of the latter would be only 120 lb. heavier 
than the design suggested for the former engine. It 
was therefore decided to standardize one model for use 
on both sizes of military truck, the only difference in 
the two engines being in the bore. It will thus be pos- 
sible to decrease greatly the number of repair parts 
needed for the two engines. It is, in fact, possible the 
same model engine, including the bore, will be used in 
both classes of truck. The reduction in the number of 
engine parts and the fact that the two engines are prac- 
tically completely standardized, are, of course, of the 
greatest military importance. The effect of this is shown 
in the crankshaft bearings, of which there will be only 
two sizes on each engine, whereas there are four in the 
average model. The standardization of parts has gone 
so far as to use the same bearing five times in connection 
with the timing-gears. 

The fuel tank will be located on the dash, with provi- 
sion for a surplus under the seat. The radiator and 
fan designs are based on tests made in a laboratory in- 
stalled by the Quartermaster Department. 

Considerable thought was given to the lubrication sys- 
tem. It was found that the amount of oil passing per 
unit of time is the determining factor; this is practically 
equal in a number of systems operating at widely dif- 
ferent pressures. It has been decided to adopt the full 
pressure feed with a relief valve at the end of the sys- 
tem. The capacity is about four time the normal re- 
quirements, so that if one bearing takes an excessive 
amount of oil, the supply will still be sufficient to lubri- 
cate the others. A method of cleaning the oil has been 
developed in order to have it always in the best possible 
condition for lubricating the engine. This consists of 
passing it through a large screen and in having three 
settling chambers. 

The intake and exhaust manifolds of the engine are 
designed so that heavy gasoline will be thoroughly vapor- 
ized, and with slight modifications permit still poorer 
fuel to be used than is now on the market. In fact, 
it is said that the engines could be operated on kerosene 
with only minor changes in manifold design. 

The governor will be driven from the generator shaft 
at 1 1/3 times engine speed, and will be located on the 
side of the engine in line with the intake manifold, thus 
permitting the shortest possible throttle-valve connec- 
tion. A new design of centrifugal-type governor has 
been developed specially. 


Four-Speed Transmission Specified 


The four-speed transmissions to be used are the hori- 
zontal-type, and will be located amidships. The first- 
speed gear ratio for the Class B transmission will be 
5.93 to 1, and for the Class A, 5.28 to 1, the gear ratios 
on reverse being exactly the same as on first. This will 
give a total reduction on low gear through transmission 
and final drive of about 56.3 for the Class B and about 
45.9 for the Class A trucks. 

The countershaft is in a horizontal plane with the 


mainshaft, so that the gears of both will operate in oil. 
The case extends below the center of the mainshaft only 
55g in. An idler gear is placed above the mainshaft and 
countershaft and is lubricated by oil thrown upward 
from the two shafts. The gearshift lever is of the ball- 
end type. There is no rocking arm for reverse, so that 
the shifting mechanism is as simple as that used for 
three-speed transmissions. The control is from the top. 
The first and second, and the third and fourth shifter- 
forks are alike. The reverse fork is attached to the 
adjacent rod. 

The shifter-forks are fastened to the shifter-rods by 
means of hardened cone-pointed screws, the cone having 
a special angle. This construction is used so that the 
forks can be replaced without any adjustment being re- 
quired. This point is an example of the idea of inter- 
changeability without adjustment, which has been sought 
in the whole design of the truck. 

All gears and shafts are of alloy steel. Annular bear- 
ings are used except on the reverse shaft,. where plain 
bearings will be specified. The mainshaft and counter- 
shaft bearings are No. 400, while two No. 300 bearings 
are used on the main-gear shank where an S. A. E. 
Standard spline, 214 in. diameter, is provided. 

The front of the transmission is supported by a 6-in. 
finished trunnion, which is slidably mounted in a ring, 
the latter in turn being supported in a spherical seat held 
in a frame cross-member. The main drive-gear has a 11- 
in. S. A. E. Standard taper and the main drive-shaft a 
134-in’S. A. E. Standard. 

Four universal-joints will be used in the drive, two 
between the clutch and transmission and two between 
the transmission and rear anxle. 

In some cases a power take-off mechanism will be re- 
quired on the trucks and therefore provision has been 
made for a 1\4-in. S. A. E. taper on the extended counter- 
shaft. 

Special care has been taken in designing the trans- 
mission to secure maximum accessibility and ease of re- 
placement. For instance, only 34-in. plugs are used for 
fastening the covers and bearing retainers. On the 
right-hand side a hand-hole has been supplied for inspec- 
tion purposes. An oil-filler extends to the right outside 
and underneath the frame. 


Construction of Clutch 


The clutch is of the gear-tooth multiple-disk construc- 
tion. The driving-plates are faced with asbestos, there 
being 18 faces on the driving disks and 9 steel driven 
disks. The three springs are not adjustable. These are 
designed so that the difference in their strength in ex- 
tension or compression is very slight. 

The clutch housing is attached to the flywheel housing 
of the engine. The throwout bearing is of the 100 per 
cent thrust type, No. 210, mounted in the housing and 
with provision for oiling from the outside of the clutch 
face. The throwout mechanism is a modification of an 
English design, of the universal-joint type. This is used 
so that the pressure around the thrust bearing will be 
uniform. The control mechanism is mounted on the 
clutch case. The clutch gear is of the internal type. A 
solid roller spigot bearing is used on the transmission, on 
account of the requirements of gear design. 


Electrical Equipment 


The truck will have two independent ignition systems, 
with two separate sets of spark-plugs. The ignition will 
be controlled by one switch so that both ignition systems 
are either in the “on” or “off” position. The ignition 
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distributor is driven from the pump-shaft and has a coil 
mounted on a pad side of the distributor. 
is also driven from the pump-shaft. 


A special switch has been designed, which carries the 
lighting and ignition switches and also the ammeter and 
cowl lamp. A circuit-breaker is to be mounted on the 
back of this switch. 


The generator is of the third-brush type, giving nor- 
mally 8 amp. at 750 r.p.m. It is driven by an Oldham 


coupling and is mounted on a pilot on the right-hand side 
of the engine. 


Two Types of Rear Azle 


The rear axle on the Class B truck will be of the worm- 
gear type, on account of the great manufacturing capacity 
available for producing the size of axle necessary for 
the heavy service. The Class A truck will be equipped 
with an internal-gear axle of advanced design, with all 
features necessary for a good military and commercial 
rear axle. 

The worm-gear axle has been refined and simplified. 
For instance, only two sizes of roller bearings will be 
used, instead of the five ordinarily required for the full- 
floating type of axle. The axle shafts are of generous 
diameter to take the heavy engine torque. The dry plate 


at the end of the axle is held by bolts instead of studs, 
as is the usual practice. 


Two sets of equalized brakes will be mounted side-by- 
side on the rear wheels, 24 in. diameter and 24% in. wide. 
As far as possible, all parts for the axles and brake 
mechanism will be forgings or stampings, instead of 
castings. Practically all right and left-hand features 
have been eliminated, so that levers and other parts are 
interchangeable. The only exception to this is the brake- 


anchor which it was necessary to make in right and left- 
hand designs. 


The bolts for adjusting the brake-bands are made with 
mushroom heads of radius equal to that of the band, and 
as a result the bands can be easily and quickly adjusted. 

The front axles are of the straight Elliott type of 
I-beam section. An oil reservoir in the bottom of the 
steering-knuckle pivot has capacity sufficient to supply 


oil to all the pivot bearings. No grease-cups whatever 
are used on the front axles. 


General Chassis Construction 


The rear springs take both drive and torque. The 
second leaf of each spring is wrapped over the spring- 
eye to secure increased strength. Sprags operated from 
the driver’s seat are attached under the rear spring-seats. 
A wick oil system has been developed for lubricating the 
spring bolts and shackles. 


The frame will be of pressed steel, 8 in. deep and with 
3-in. flanges. The wheelbase for the Class B truck is 
160 in., this giving a turning circle of 55 ft. The maxi- 
mum steering-angle of 34% deg. is determined by pro- 
viding a stop on the steering-knuckles. The gage is 641% 
in. for both front and rear wheels. Pressed-on tires will 


be used, 36 by 5 in. on the front and 36 by 10 in. on the 
rear wheels. 


The steering-gear is of the worm-and-wheel type. The 
steering-gear column is arranged at such an angle that 
the gear can be taken out and replaced quickly. All the 
steering connections are back of the front axle. 


In the previous paragraphs only a brief summary has 
been given of the design of the new military trucks. It 


The magneto 


is the general belief of those conversant with the design 
that as regards ease of assembly, ability to meet the most 
severe service conditions, accessibility of operating parts, 
and in fact all details needed for efficient operation, the 
new military designs will represent a distinct advance 
in motor truck construction. 


PLANS FOR PRODUCTION 


The production of a truck in the immense quantities 
that will be required, necessitates the most careful plan- 
ning and the greatest care in handling the details. The 
design has been so thoroughly considered and the time 
available for the work is so short that complete produc- 
tion plans have been made, even before the sample chassis 
have been tested. It will be possible, of course, to in- 
corporate any changes in design that the tests may show 
to be necessary. In making the design only practice 
that has been demonstrated absolutely sound has been 
followed, so that it is anticipated that the changes re- 
quired will be very slight. 


In order to stimulate the designing and testing, a 
schedule has been made out, as a result of which 10,000 
Class B and 5000 Class A trucks will be ordered early in 
October, delivery of these to start Jan. 1 of next year. 
It is expected that 350 of the standardized trucks will be 
delivered before the first of February, and the remainder 
through the first half of the year. 


In order to insure the carrying out of the military 
truck program a special committee of the Automotive 


Products Section of the War Industries Board has been 
established. 


The name of The Automotive Transport Committee, 
which has been under the Advisory Commission of the 
Council of National Defense, has been changed to be 
Automotive Products Section. The Committee is now 
operating directly under the War Industries Board. H. 
L. Horning has succeeded Col. Charles Clifton as chair- 
man of the committee. K. W. Zimmerscheid, former 
vice-chairman, has assumed important duties in metal- 
lurgical work with the Aviation Section of the Signal 
Corps. 

The Automotive Products Section is now constituted 
of the following, in addition to Mr. Horning: 

Colonel Chauncey B. Baker, representing the Army. 

C. W. Stiger, president of the Motor and Accessories 
Manufacturers. 

Henry R. Sutphen, vice-chairman of the National Asso- 
ciation of Engine and Boat Manufacturers. 


F. H. Russell, president of the Aircraft Manufacturers 
Association. 


T. W. Henderson, president of the Motorcycle Manu- 
facturers and Allied Trades Association. 

Hugh Frayne, labor representative on the War Indus- 
tries Board. 

General Manager Clarkson of the Society. 


The matters to which the Committee is giving most at- 
tention now relate to the military-truck standard design 
program, industrial and government consumption of gaso- 
line, priority in the fabrication and transportation of 
materials for the automotive industries, the coordina- 
tion of the requirements of all government departments 
for automotive transportation. 

The committees of the Council of National Defense 
having a purely advisory function, an organization 
directly connected with the Quartermaster Department 
will handle the details of production. Christian Girl 
has accepted the position of Director of Production of 
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Military Trucks, having resigned his position as chair- 
man of the Committee of Operation of the Standard 
Parts Company. 

The duties of the production organization now being 
built up by the Quartermaster Department will be to 
direct the production of standard military trucks, and to 
assist in securing for the Quartermaster Department 
data as to plant capacities for producing parts and as- 
sembling trucks. Mr. Girl and this production organ- 
ization will be directly under Col. Chauncey B. Baker, 
the officer in charge of transportation for the United 
States Army. 


As in the case of the design of the trucks, the staff of 
which Mr. Girl is the head will not be concerned with 
the actual purchasing of the trucks. This work will be 
handled by the Quartermaster Department through other 
parts of its organization. 


To assist in carrying out the production program, six 
supervisors have been appointed, of plant survey, raw 
materials, parts-making plants, truck and chassis as- 
sembly, inspection, and charts and records respectively. 

Each of these supervisors will have a group of assistants. 
" It is expected that between 130 and 150 men will be 
required for the work of the organization. 

The duties of the supervisors and their assistants are 
to: 


(1) Survey all plants for capacity in every respect as 
regards ability to produce articles of which purchase is 
to be made. 


(2) Report the needs of parts-makers for raw ma- 
terials for priority action through the Automotive Prod- 
ucts Section of the War Industries Board. 


(3) See that raw materials are made into parts accord- 
ing to schedule. 


(4) See that trucks are delivered on schedule time. 

(5) Inspect all purchases, from raw materials to fin- 
ished products. This will include also the testing of 
trucks according to the specifications to be determined by 
the Quartermaster Department. 

(6) Provide charts recording progress from raw to 
finished products, this involving daily reports of all 


operations as far as may be necessary to keep them up 
to schedule. 


The supervisors mentioned have been selected in view 
of their experience in the particular activities they will 
undertake. The plant survey work will be in charge 
of Guy W. Morgan, formerly general manager of the 
Abbott Corporation of Detroit. The raw materials will 
be in charge of W. S. Quinlan, formerly purchasing agent 
of the National Screw & Tack Company of Cleveland. 
The parts-making plants will be supervised by P. W. 
Tracy, formerly director of purchases of the Premier 
Motor Corporation of Indianapolis. 

The trucks and chassis assembly supervision will be 
undertaken by James F. Bourquin, formerly general man- 
ager of the Paige-Detroit Motor Car Company, and re- 
cently vice-president of the Liberty Motor Car Company. 


The inspection work will be in charge of John G. Utz, 
formerly chief engineer of the Standard Parts Company, 
and Chairman of the S. A. E. Standards Committee. 

The preparation of charts and records will be under- 
taken by A. G. Drefs, formerly efficiency expert with the 
Miller Franklin Company of New York. 

These men have given up all other work until the pro- 
duction program for military trucks shall have been com- 
pleted. In many cases their companies have donated their 


services, so that the work will be done gratuitously, as 
far as the Government is concerned, or for nominal pay 
in accordance with the law. 


In discussing (for the benefit of the members of the 
Society) his plans for carrying on the work, Mr. Girl 
said that the program would be to have the orders for 
the major units placed directly by the Government. 
These would then be shipped to the chassis makers for 
assembly. The prices to be paid for such parts will be 
based on a reasonable profit to be determined by the 
Quartermaster Department after necessary data have 
been collected and presented through the proper chan- 
nels. Truck companies will be requested to furnish mis- 
cellaneous parts and to assemble the trucks. 


No employee will be engaged for the production work 
without the full approval of the Quartermaster General’s 
Department after consideration of statements as to na- 
tionality and former connections. Mr. Girl believes that 
a civilian organization trained in such work will save the 
Government millions of dollars because of its experience 
in the industry. This organization will also permit of 
a method of carrying on the work in a supplementary 
manner according to the strict regulations of the War 
Department. The men who will handle the production 
work are really drafted for the National Service, just as 
much as those who have joined the National Army. They 
will carry it on in the same manner and by the same 
methods that made them successful in private business. 


Mr. Girl stated that the Government military truck 
design plan was made made possible by eight years of 
effort of the S. A. E. in promulgating the cause of 
standardization according to its well-understood princi- 
ples, and in educating the industry as to the value of 
proper standards. The world war brought the War De- 
partment from an entirely different viewpoint to the 
necessity of standardization, and finally to the establish- 
ment of a standard design of military truck. Without 
the educational efforts carried on for eight years, the 
whole design and production program for military truck 
work would have been impossible. The military design 
truck could not have been advanced successfully except 
in time of war, and then only by the Government, whose 
proper function it is to define military necessities. The 
War Department demanded a single design of truck as 
a military necessity. This design has become a standard 
model for war. The work accomplished in less than two 
months by a group of engineers in Washington resulted 
in an advance in design that would otherwise have taken 
at least five years to evolve. 


THE CONCLUSION 


In closing this article, mention should be made of the 
men engaged in the design of the standard military 
trucks. The leading spirit, of course, has been Col. 
Chauncey B. Baker, officer in charge of transportation 
for the Army. Colonel Baker’s vision before and after his 
recent trip to the Western Front indicated the necessity 
for one design. His trip confirmed absolutely the view 
that maintenance and repair operations must be greatly 
simplified. The efficiency and promptness required for 
the service can best be obtained by the use of a standard- 
ized truck of approved design. 


The design work has been in charge of Capt. William 
M. Britton, who must be credited with the thoroughness 
with which the work has been done. 

In carrying out the production schedule, Major C. B. 
Drake, James A. Furlow and Edward Orton, Jr., are act- 
ing as supervising representatives of Col. Baker. 
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Under Captain Britton, seven groups of engineers have 
carried on the work of the design of the military truck. 
The names of these men follow: 


THE TRANSMISSION AND CLUTCH GROUP 
Copland, A. W., Chairman. Gloetzner, A. A. 
Carhart, Geo. 4 Lipe, W. C. 
Engle, F. Peck, W. W. 
White, S. O. 
THE AXLE GROUP 


Russell, A. W., Chairman. 


Carlson, G. W 
Burrows, R. J. 


Laycock, A. M. 


Torbenson, V. V 
THE ELECTRICAL EQUIPMENT GROUP 
Chryst, W. A., Chairman. Kroeger, F. C. 
Bijur, Joseph. Libby. A. D. T. 


Conklin, O. F. 


Nightingale, R. J. 
Ford, Bruce. 


Timmerman, A. H. 
Wilson, C. E. 


THE ENGINE GROUP 
Chairman Frederick, W. A. 
Hinkley, C. C. 
Milbrath, A. F. 
Weinhardt, R. A. 


THE CHASSIS GROUP 


Horning, H. L., 
Balough, Chas. 
Broege, R. J. 
Fisher, J. B 


Austin, R. W., Chairman. Myers, C. T. 
Bachman, B. B. Norton, W. T., Jr. 
Dorris, G. P. Palmer, H. 


Kalb, L. P. 


Peterson, C. D. 
Masury, A. F. 


Wemp, Ernest E. 
THE STEERING GEAR GROUP 
Osburn, W. N. 


THE SPRINGS GROUP 
Utz, John G. 
It should be borne in mind that these men have ac- 
complished what would have been thought an impossible 
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feat, considering the short length of time and the results 
obtained. It was necessary to lay out a system for doing 
the work. Committees were formed to prepare drawing- 
room standards and to secure coordination of parts, S. 
A. E. standards being used wherever possible. All the 
men worked with the one purpose in mind of getting the 
design finished at the earliest possible moment and of 
securing a truck that would be of the greatest value in 
the conduct of the war. At various times there were 
nearly 200 detail draftsmen assisting in the final prepa- 
ration of the approximately necessary final drawings. 
These men were all experienced in motor-truck work and 
their services were obtained through the courtesy of the 
motor-truck and parts manufacturers who allowed them 


to temporarily enter the employ of the Quartermaster 
Department. 


It is hoped, in later issues of THE JOURNAL, to give 
more complete details of the construction of the new 
military trucks. The members of the Society are nat- 
urally interested in all the details entering into their 
design and manufacture. 

The methods of testing the trucks, the means adopted 
for securing quantity and quality production, all this in- 
formation, so far as it may be consistent with the inter- 
ests of the nation to publish it, will be printed in future 


issues of THE JOURNAL for the benefit of the members 
of the Society. 


Final Tests of U. S. Aviation Engine 


GRAPHIC account of the development of the avia- 

tion engine to be used by the U. S. air fleet is given 
in a statement issued by the Secretary of War. While the 
mechanical features of the new engine are of course 
kept secret, it is understood that the engine cannot be 
operated at wide-open throttle under normal conditions, 
but gives full power only at the low pressures encountered 
in actual operation in the air. For this reason the low- 
pressure engine-testing laboratory at the Bureau of 
Standards, now practically completed, is of vital neces- 
sity in determining the performance of the new engines. 
Battery ignition will be used exclusively on account of 
the difficulty of obtaining magnetos fitted for areonautic 
service. It is said that orders have already been placed 
for several thousand twelve-cylinder engines. 


The two engineers mentioned in the statement are 
members of the Society. A number of other S. A. E. 
members have taken an important part in the work, but 
Messrs. Hall and Vincent, both of whom have recently 
accepted commissions as majors in the U. S. Army, bore 
the brunt of the labor. 


The statement issued by the Secretary of War follows: 

“The ‘United States aviation engine’ has passed its 
final tests. They were successful and gratifying. The 
new engine is now the main reliance of the United States 
in the rapid production in large numbers of high-pow- 
ered battleplanes for service in the war. In power, speed, 
serviceability, and minimum weight the new engine in- 
vites comparison with the best that the European war 
has produced. 

“I regard the invention and rapid development of this 
engine as one of the really big accomplishments of the 
United States since its entry in the war. The engine 


was brought about through the cooperation of more than 
a score of engineers, who pooled their skill and trade 
secrets in the war emergency, working with the encour- 
agement of the Aircraft Production Board, the War De- 
partment, and the Bureau of Standards. 

“The story of the production of this engine is a re- 
markable one. Probably the war has produced no greater 
single achievement. 


“One of the first problems which confronted the War 
Department and the Aircraft Production Board after the 
declaration of hostilities was to produce quickly a de- 
pendable aviation engine. Two courses were open. One 
was to encourage manufacturers to develop their own 
types; the other to bring the best of all types together 
and develop a standard. 


“The necessity for speed and quantity of production 
resulted in a choice of the latter course, and a standard 
engine became our engineering objective. 

“Two of the best engineers in the country, who had 
never before seen each other, were brought together at 
Washington and the problem of producing an all-Amer- 
ican engine at the earliest possible moment was presented 
to them. Their first conference, on June 3, lasted from 
afternoon until 2.30 o’clock in the morning. 


“These two engineers were figuratively locked in a 
room in a Washington hotel and charged with the devel- 
opment of an airplane engine for use by American avia- 
tors over the battlefields of Europe. For five days neither 
man left the suite of rooms engaged for them. Consult- 
ing engineers and draftsmen from various sections of 
the country were brought to Washington to assist them. 
The work in the drafting room proceeded continuously, 
day and night. Each of the two engineers in immediate 
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charge of engine development alternately worked a 
twenty-four-hour shift. 


“An inspiring feature of this work was the aid ren- 
dered by consulting engineers and engine manufacturers, 
who gave up their trade secrets under the emergency of 
war needs. Realizing that the new design would be a 
Government design and no firm or individual would reap 
selfish benefit because of its making, the engine manu- 
facturers, nevertheless, patriotically revealed their trade 
secrets and made available trade processes of great com- 
mercial value. These industries have also contributed 
the services of about 200 of their best draftsmen. 


“The two engineers locked together in a hotel room 
in this city promised the Government if given an oppor- 
tunity they would design a satisfactory engine before a 
working model could be brought from Europe. 


“A remarkable American engine was actually produced 
three weeks before any model could have been brought 
from Europe. It was promised that this engine would be 
deve.oped before the Fourth of July. Twenty-eight days 
after the drawings were started the new engine was set 
up. This was on July 3. 


“In order to have the engine in Washington and in 
actual running order at the Nation’s capital on Inde- 
pendence Day the perfected engine was sent from a 
Western city in a special express car. The journey was 
made in twenty-one hours and four young men guarded 
the engine en route to Washington and personally at- 
tended to its transfer from one railroad to another. 


“With the need for speed as an incentive tools for 
building the first engine were made even before the draw- 


ings were finished—on the assumption that they would be 
correct. 


“Parts of the first engine were turned out at twelve 
different factories, located all the way from Connecticut 
to California. When the parts were assembled the ad- 
justment was perfect and the performance of the engine 
was wonderfully gratifying. This in itself demonstrates 
the capabilities of American factories when put to the 
test and when thoroughly organized for emergency work 
of this sort. 


“One of the chief rules outlined at the beginning of the 
designing work was that no engineer should be permitted 
to introduce construction which had not been tried out. 
There was no time for theorizing. The new engine is 
successful because it embodies the best thought of engi- 
neering experience to date. Not only did this country 
furnish ideas through celebrated consulting engineers, 
but the representatives in the United States of England, 
France and Italy cooperated in the development. 


“Thirty days after the assembling of the first engine 
preliminary tests justified the Government in formally 
accepting the engine as the best aircraft engine produced 
in any country. The final tests confirmed our faith in 
every degree. ; 


“Both the flying and altitude tests of the new engine 
have been gratifying. One test was conducted at Pikes 
Peak, where the United States aviation engine performed 
satisfactorily at this high altitude. One of the engines, 
in an airplane, broke the American altitude record in a 
recent flying test. 


“While it is not deemed expedient to discuss in detail 
performances and mechanics, it may be said that stand- 
ardization is a chief factor in the development. Cylin- 
ders, pistons and every other part of the engine have 
been standardized. They may be produced rapidly and 


economically by a great many factories operating under 
Government contracts. They may be as rapidly assem- 
bled, either by these plants or at a central assembly plant. 


“The new engine amounts practically to an inter- 
national model. It embodies the best there is in Amer- 
ican engineering and the best features of European 
models so far as it has been possible to adapt the latter 
to American manufacturing methods. 


“The two engineers more directly connected with the 
production of the United States aviation engine had be- 
fore them not only the blueprints and models of the 
most successful engines the war has produced, but also 
every available American suggestion. Men skilled in the 
invention of engines, both automobile and airplane, ad- 
vised these engineers who were charged with the duty 
of providing rapidly and unerringly an engine which 
would embody every essential for war-time use. Non- 
essential complexities were consistently discarded by 
these engineers. The result was a composite design of 
maximum power, minimum weight, great speed capability 
and adaptability to quick production. 


Standardization of Cylinders 


“The standardization of parts materially simplifies the 
problem of repair and maintenance. Spare parts will be 
promptly available at all times. Even the cylinders are 
designed separately. It is possible to build the new 
engine in four models, ranging from four to twelve cylin- 
ders, and under the standardization plan now worked out 
an eight-cylinder or a twelve-cylinder model can be made, 
using the same standard cylinders, pistons, valves, and 
so on. 


“This will make the question of repairs back of the 
lines a comparatively simple matter. The parts of 
wrecked eight-cylinder or twelve-cylinder engines will be 
interchangeable, and a new engine may be assembled 
from the parts of wrecked machines. 


“The standardization of the new engine does not mean 
there will be no change in it during the war. There will 
be continuous experimentation as new types and im- 
provements develop at the front and new ideas are born 
of the war emergency. If the engine can be improved, it 
will be improved; but as the engine stands today it is one 
of wonderful success and produced under dramatic cir- 
cumstances. 

“Construction of the new standard engine will not 
interfere with the continued manufacture of other serv- 
iceable models, either European or American, which exist- 
ing plants are already turning out. The production of 
the United States engine will be carried on almost en- 
tirely in a new and expanding industrial field. 


“The Government is sometimes asked, ‘Why does not 
the United States adopt one of the successful British or 
French high-powered machines and manufacture them?’ 
British and French machines, as a rule, are not adapted 
to American manufacturing methods. They are highly 
specialized machines, requiring much handwork from 
mechanics who are in fact artisans. It would require a 
year or more to teach American manufacturers and their 
mechanics to turn out such high-specialized airplanes. 


“With the completion of final tests of the engine—tests 
which satisfied and gratified both expert engineers and 
Army officers—progress already has been made toward 
organizing industry for the manufacture of the new 
machines, and deliveries will begin within a compara- 
tively short time.” 
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Treatment of Hydrocarbon Fuels 





By Henri G. Cuatarn* (Member of the Society) 


METROPOLITAN SECTION PAPER 


HE object of this paper is first to define the various 

processes to which hydrocarbon fuels are submitted 

to convert them into a readily inflammable or explo- 

sive mixture; also to show step by step the development of 

the art from the inception of the internal combustion 
engine utilizing a hydrocarbon liquid as fuel. 

It is also proposed to review the whole situation as 
it presents itself to the investigator of today, and to offer 
such suggestions as may assist the investigator in devel- 
oping the various types of traction, such as the high-speed 
motor-boat, the automobile and the self-contained unit 
motor car for railway purposes. A high rotative speed 
prime mover, for which the question of weigat and space 
is an all-important one, is required for all thes2 purposes. 

The first form of carbureter is the surface carbur- 
eter. This device was prominent some 22 years ago, 
when it was adopted and perfected to a considerable 
degree by a French firm which was making tricycles and 
quadracycles. This carbureter was only practical when 
an extremely light hydrocarbon was used; it was essential 
that the hydrocarbon should be homogeneous; that is, its 
fractional boiling points could not be widely divergent. 


Construction of Surface Carbureter 


The carbureter consisted of a metal box of somewhat 
triangular shape constructed to fit the diamond frame. 
A loosely fitting plate parallel to the surface of the liquid 
and held in place by a vertical tube leading to the ex- 
terior of the box was its only moving part. This could 
be and had to be adjusted up and down. By so doing the 
richness of the mixture changed as the air entered the 
vertical tube, spread itself over the surface of the liquid, 
owing to the influence of this deflector plate, and thence 
to the aspiration pipe of the engine through the inter- 
mediary of a valve that regulated the amount of pure 
air taken in by the engine. 

Pushing this deflector plate closer to the surface of 
the liquid. enriched the mixture, as it increased the 
velocity of the moving air over the surface. Raising the 
deflector plate, the reverse action, produced in effect a 
leaner mixture. 

The only other attachment to this form of carbureter 
was a small pipe that was connected with the exhaust 
of the engine and permitted heated burnt gases to go 
through the carbureter and heat the mass of liquid. 

Such a device as described above would be practically 
inoperative with the so-called gasoline of today. At the 
time, however, its success led many investigators to ex- 
ercise their ingenuity. The result was many attempts 
to produce carbureters of this type, only slightly more 
complicated, the main addition being wicks such as were 
used in the lamps of yesterday, this manifestly for the 
purpose of increasing the available evaporating surface 


as the demand became greater and greater for engines - 


developing more horsepower. 

To the author’s knowledge 8-hp. to 10-hp. engines 
were the largest ever operated by the so-called surface 
varbureter, although a number of years ago the author 
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himself attempted to operate an engine of some 200 hp. 
by means of a surface carbureter. The defects of the 
device were soon ascertained, and the effort was aban- 
doned. 

With the pressing demand for ever increasing horse- 
power in automobile engines, it was imperative that some 
device be gotten out that would provide a compact and 
simple method for carbureting the air. Even if the vola- 
tile hydrocarbons had been available, a surface carbur- 
eter for a 40-hp. or 50-hp. engine would have been pro- 
hibitive on account of its bulk alone. 


PROPORTIONS OF GAS FOR JET CARBURETER 


The jet carbureter was accordingly brought out and 
had for its basic principle of operation the issuing of one 
or more small streams of gasoline into a rapidly moving 
mass of air. The inertia of the jet of gasoline in con- 
junction with the moving body of air possessed sufficient 
force so that the liquid was, strictly speaking, mechanic- 
ally broken up and turned from a liquid into what might 
be termed a fog. 

The design of this apparently simple piece of appar- 
atus is complicated, so much so that after 20 years’ time 
with innumerable people of intelligence working upon 
the problem, it is still today, although practical, far from 
being a perfect piece of apparatus. 

The gas formed by the mixture of air and the fog of 
gasoline is as highly explosive as possible when it is 
composed of 15 parts of air for 1 part of gasoline. This 
is proportioned by weight at atmospheric pressure. Fif- 
teen (15) therefore for the sake of argument can be 
termed a constant. Above or below this figure the car- 
buretion is not so good. Explosion, it is true, can occur, 
but the thermic rendering of the gas becomes mediocre, 
and the power of the engine falls off. The dispropor- 
tionate mixture can be carried to such a point that ex- 
plosion does not occur at all. 

This constant varies with the combustible used. For 
illustration, it is necessary to have 15 parts of air to 1 
part of gasoline, but it is necessary to have 9 parts of air 
to 1 part of ethyl alcohol, or 7 parts of air to 1 part 
of methyl alcohol, and so on for the various fuels. In 
order that the carburetion of the air by the gasoline is 
always as good as possible, the above-mentioned propor- 
tions must be kept constant through the range of speed 
and load and combinations thereof of the engine, it being 
understood that the changes in speed and in load pro- 
duce a radically varying effect upon the carbureter as 
the varying amount of air aspirated decreases or increases 
the depression or drop in pressure at the gasoline jet. 
An entirely satisfactory compensation for this varying 
depression has never been obtained. 

The first question that has confronted the constructor 
has always been this curious feature of the carbureter; 
that is, to find a practical mean between gasoline and air 
at various speeds, and loads. 

The operator then, as well as now, could not be asked 
to make running adjustments by hand. It was neces- 
sary, first, to find a means and method to make perma- 
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nent this constant ;*and second, to charge the engine with 
keeping this permanency of mixture. 

It was thought that the ratio of 15 to 1 would neces- 
sarily stay constant, even with the variations in the func- 
tioning of the engine, and that the value of the depression 
caused by the aspiration of the engine would remain 
constant with relation to the gasoline pressure and keep 
the proper proportions, the orifices admitting the air 
and gasoline to remain fixed. 


Errect oF VARYING INERTIA 


This assumption was an error. Air is a gas. Gaso- 
line is a liquid. The masses of the two bodies are there- 
fore not equal, and the inertia is unequal. As the liquid 
is put in motion, caused by the depression in the intake 
pipe, it has an inertia greater than that of air, and the 
liquid therefore continues to come out of the orifices a 
moment or two after the load has been thrown off or the 
speed of the engine reduced. The air issuing through 
the orifices in the vicinity of the gasoline jet, on the 
contrary, ceases instantly, or nearly so, upon the reduction 
of speed or load of the engine. 

The permanency of the constant would exist without 
any special apparatus if we were dealing with two gases, 
for instance, air and illuminating gas or natural gas. 
The mixture of the two gases would have an inertia 
quite the same; it would come out of the respective ori- 
fices in a fixed proportion, once they were adjusted for 
various speeds and loads of the engine. 

The conclusion was arrived at therefore that with 
the jet carbureter some form of device would have to 
be utilized to admit more or less air and thereby increase 
or decrease the depression in the intake pipe so as to 
keep the mixture of proper proportions. Hand regula- 
tion was at first resorted to, but, as already stated, this 
was found to be impracticable, as one never knew when 
the carbureter was adjusted so as to maintain the proper 
proportions of 15 to 1, the result being that at times 
the engine ran properly, but more often it did not. 

To the early French investigators must be given the 
credit for having developed the prototype of the modern 
carbureter, a device which is well known today, making 
itself manifest in many and diverse arrangements in the 
way of auxiliary valves to admit air, auxiliary nozzles 
to admit gasoline, automatic and hand chokes placed in 
different positions. 

Experience gained through 20 years of carbureter 
building has developed this apparatus so that it can be 
considered standard, but it is still far from being perfect 
because it does not produce what might be termed a gas; 
also the forces utilized in its functioning are insufficiently 
powerful to utilize a fuel other than the comparatively 
volatile combustibles. 


Breaking Up of Combustible Needed 

It is the contention of the author that broadly speak- 
ing it is necessary to decrease to a minimum the so-called 
viscosity of the combustible before the best results can 
be obtained in a given cylinder. It is believed that a 
further dissertation on the breaking up of combustibles 
will suffice to make this contention clear. 

As most lines of endeavor and effort are conducted 
along the path of least resistance, it is curious just why 
the principal effort outside of the utilization of the very 
volatile hydrocarbons, such as gasoline, has been made 
in utilizing heavy hydrocarbons, such as fuel oil, various 
crude petroleums and tar oils, rather than in utilizing 
what is commercially known as kerosene. 

It is probably due to the fact that the market price 
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of gasoline has been, up to the present year or so, so 
comparatively low as to discourage endeavor in the field 
just suggested. 

Surely conditions are changing and will change so 
as to make it imperative that kerosene, the next com- 
bustible in the path of least resistance, will be utilized. 

Review or Devices ror Ustnc KEROSENE 

This brings us to a consideration of what has actu- 
ally been accomplished in the utilization of kerosene. 
The efforts to use kerosene have resulted in certain dis- 
tinct types of devices, as follows: 

I. The commonly accepted type of gasoline jet carbur- 
eter with heat applied to the fuel itself; to the air; toa 
jacket; or to a jacket and also to an intake pipe. 

II. Those that partly burn the fuel before it is ad- 
mitted to the intake pipe, forming a more or less fixed 
gas intermingling to a greater or less extent with the 
vapor of the combustible. 

III. Those that admit the combustible directly into 
the cylinder, the valves of the engine being so regulated 
as to cause a partial vacuum in the cylinder prior to the 
admission of the combustible. 

IV. Those with which the combustible is impinged by 
a pump, or by other means, directly upon a hot surface in 
the interior of the cylinder, or in a chamber adjacent 
thereto. 

V. Those that raise the temperature of the combust- 
ible to the boiling point, thus producing vapor but not in 
any sense of the word a fixed gas. 


I. Gasoline Jet Carbureters With Heat Applied 


In the first group the investigators took the existing 
device and tried to apply it to a fuel that is in many 
respects distinctly different from gasoline or the fuel for 
which the device was designed. 

Primarily the forces manifest in the gasoline car- 
buretor are absolutely insufficient to turn kerosene into 
a fog, or rather put it in a condition such that it will 
commingle with the oxygen in the cylinder and be readily 
inflammable. 

Secondly, the complication of heat is essentially the 
same as applying another force to destroy the viscosity 
of the combustible. When this has been judiciously ap- 
plied results have been obtained which are for certain 
purposes at least encouraging, but so far impracticable 
when the engine is to be considered as applicable to an 
automobile or kindred service. 

The troubles are many. The source of supply of the 
heat is inconstant. It is difficult to regulate it. Its ac- 
tion lags, that is to say, when a sudden demand is made 
upon the engine for increased combustible, the heat 
requisite is not available until the combustible is actually 
burnt; sudden variations in load and speed of course 
cannot be well taken care of by this process. 

In starting the engine it is necessary to derive heat 
from an exterior source. This is inconvenient and irk- 
some. For stationary engines, certain classes of boats, 
or other applications, where a skilled attendant is avail- 
able, this type of gas-making device has had and is hav- 
ing success. Again it appears that this type of device 
presents insufficient force to accomplish the results 
desired. 

II. Devices of the Fixed Gas Type 

The second type, or what might briefly be called 
the fixed gas type, presents many attractive features. 
In starting, all that is necessary is to ignite by means 
of a wick part of the combustible, no other preheating 
being necessary. With proper regulation of the amount 


Vol. I 


September, 1917 


No. 3 








TREATMENT OF HYDROC ARBON FUELS © 


of fuel actually set on fire, and relying upon the aspira- 
tion of the engine, a reasonably permanent gas can be 
formed and regulated under the adverse conditions un- 
der which we are working. The power to destroy the 
viscosity of the oil is plainly evident. It is set on fire 
and allowed to burn. No preheating devices are necessary. 
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—TYPES OF 


The author has actually operated a device of this char- 
acter in extremely cold weather with gratifying results. 
We certainly can look forward to its future developments. 
It will be well to bear in mind, however, that the output 
of the engine will probably be decreased with this type 
of device, as the gas produced under the circumstances is 
such that moderately low compression is desired. 


III. Combustible Taken Directly Into Cylinder 


An engine utilizing this principle was devised in France 
some few years ago, and although it did not meet with 
immediate success the principle involved was novel. 
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It is not a foregone conclusion that*the forces obtain- 
ing in the ordinary intake pipe, comparable with a de- 
pression of a certain pressure per square inch, would 
have the same result in breaking up of the fuel as a 
corresponding and similar vacuum produced in the cylin- 
der proper, fuel being admitted therein directly. 
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INJECTORS USED FOR HIGH-COMPRESSION OIL ENGINES IN THE UNI TED STATES AND EUROPE 


The device was experimented with to some extent by 
the author, and although it was possible to start an 
engine cold the cycle of events occurring in the cylinder 
was so divergent from normal, owing to the late opening 
of the intake valve, that the experiments were discarded. 


The scheme also introduced what appeared to be exces- 
sive complication. 


V. Combustible Forced Upon Hot Surface in Cylinder 


This method of utilization of combustible is well known. 
It is not necessary to discuss it at length, because it has 
the insurmountable fault that the engine must be pre- 
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heated, and this can be done in a practical manner only 
by some form of blow torch, requiring several minutes 
to heat the parts sufficiently so as to make starting 
certain. If a multicylinder engine, such as the pre- 
vailing type of the day, were used, the complication and 
trouble would make the scheme highly undesirable. 


V. Combustible Raised to Boiling Point 


About the same criticism can be made of this as of 
the fourth scheme. It is hardly worthy of further inves- 
tigation for our purpose. The idea has nearly all of 
the attendant disadvantages of the steam boiler with a 
few added. 


UrinizaTION OF THE Heavy HyprocarRBoNns 


In passing from kerosene, the next logical step is to 
the very heavy hydrocarbons, and although there is still 
a great deal to be accomplished in this field much has 
already been done. 

For comparatively large powers and for diverse pur- 
poses, the high compression oil engine (I refer now to 
engines whose compression is as high as 500 lb. per 
sq. in., or thereabouts) is an accomplished fact, hun- 
dreds of thousands of horsepower being in daily use 
throughout the world. 

In these engines either four-stroke or two-stroke cycles 
are used. Pure air is taken or admitted to the interior 
of the cylinder. This is compressed to about 500 Ib. per 
sq. in., and when the piston is at its upper dead center, or 
slightly before, fuel is injected in the form of a fog or 
fine spray. Upon this fuel coming in contact or com- 
mingling with the highly heated air in the interior of the 
cylinder, inflammation results. This obviously increases 
the temperature of the air, which in turn is expanded. 


Types of Air Injectors 


Up to the present time the accepted device used in 
rendering the combustible fit for consumption is the air 
injector. 

The injectors, Fig. 1, are used by the best constructors 
of high-compression oil engines in this country and in 
Europe. They show various ways of breaking up the 
fuel. It should be borne in mind, when the sections are 
studied, that the following qualifications are desirable: 

First: The particles of oil should enter the cylinder 
prior to an injection of air. 

Secondly: The breaking up of the fuel is better ac- 
complished if the oil meets the injected air in some por- 
tion of the injector at right angles. A circuitous pas- 
sage is desirable, but its resistance should not be too 
great in cases where a great number of injections are 
required per minute, as this delays the delivery of the 
fuel to the heated air contained in the cylinder, and 
also delays the total inflammation of the mass. 

The function of the injector is to receive a definite 
quantity of combustible, once during each cycle, which is 
usually propelled by some form of pump. It is quite imma- 
terial at what portion of the working cycle of the engine 
this oil is delivered to the injector; suffice that it go 
there in proper quantity and in synchronism with the 
rotative speed. Its quantity is a function of the load 
on the engine. To this same injector device air is led 
from a pump, or suitable container, under pressure vary- 
ing in practice usually from 800 to 1300 lb. per square 
inch. 

The injector is also equipped with a cam or other- 
wise actuated needle valve. This needle valve is opened 
on or slightly before the upper dead center of the piston, 


and permits the contents of the injector to come out in 
the form of fog or fine spray. 

Still another small portion of the injector, of greater 
importance, is known as the flame plate. Its function 
is to divert in the proper direction the incoming spray 
or fog from the injector. This is usually accomplished 
by one or several small holes of suitable size pointing in 
the proper direction. 

The matter of proper direction brings up an important 
point in regard to utilizing combustible in this manner. 
The entire combustion chamber should be filled simulta- 
neously with the combustible, or as near so as possible. 
If the flame plate was so arranged as to distribute the 
combustible in only one-half of the cylinder, the power 
and output of the engine would decrease appreciably. In 
this respect the high-compression engine is distinctly dif- 
ferent from the engines utilizing fuel that has been ad- 
mitted prior to the compression stroke. In this instance 
the compression stroke serves to a great extent to mix 
thoroughly the combustible with the air, and presents a 
homogeneous mass at the. time the inflammation is 
started. The development of the art is such that with 
the injector, as described above, and commonly used, it 
is possible to operate an engine at rotative speeds as 
high as 550 r.p.m. Although fulfilling the author’s theory 
in regard to great power required to destroy the vis- 
cosity of the oil, the accepted type of injector today 
operating at a pressure of 1000 lb. per sq. in. is still 
incapable of furnishing the necessary force to operate 
properly at speeds of 550 r.p.m. or higher. 

The time necessary for the oil and air to travel through 
the circuitous passages to the holes of the flame plate, 
all of which are apparently essential in the breaking up 
of the fuel, is excessive when this device is used for high 
rotative speeds or in engines for automotive purposes. 


ActuaL DISTRIBUTION OF COMBUSTIBLE 


Figs. 2 and 3 show reproductions of photographs 
taken of oil impinged from the injector upon a piece of 
white paper. The reproductions are only interesting in 
showing the distribution of the combustible. The ap- 
parent size of the particles is misleading. Although the 
fuel may be originally a dark color, it is barely visible 
when it first strikes the paper, the particles being so 
fine. They are also well surrounded by air, which 
makes them scintillate. In a moment or two, what might 
be called the spheroidical state is overcome. They are 
merged together and present the blotchy appearance 
as shown in the reproductions. Under a glass it is 
interesting to note the close proximity and commingling 
of the air and small particles of fuel. This is a highly 
desirable feature, as it assists in presenting to each tiny 
particle of combustible its quota of oxygen for combus- 
tion. 

It is essential to so design an injector that oil will 
make its way to the combustion chamber in advance of 
the injection air. The reason for this will be better 
understood when one considers that the injection air 
is expanded from 1000 down to 500 lb. per sq. in., 
with attendant refrigerating effect, which tends to de- 
crease the temperature of the immediate surrounding 
air and render combustion slower and less positive. By 
admitting a few particles of oil first, inflammation is 
more positive. 

A number of attempts have been made to discard the 
injection air and resort to solid injection. Nothing of 
this character has ever been attempted in this country, 
at least so I believe. An English firm of note, however, 
has apparently carried this line of investigation to a 
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point where it is at least workable, although from reports 
upon the subject it appears that the economy of such 
engines is lower than is customary, and that they do 
experience a somewhat smoky exhaust, with attendant 
difficulties that result from imperfect combustion. 

Another device, known as the open-nozzle injector, 
is operated as follows: Into a small declivity or pocket 
in the cylinder the fuel is pumped in the requisite amount. 
Impinging upon this fuel is air at a pressure of 1000 lb. 
per sq. in., the needle valve being opened at the proper 
time in the stroke. This causes the fuel to be broken 
up and violently thrown around the combustion cham- 
ber. This scheme has at least one great advantage, that 
no oil passes through the needle valve, and therefore it is 
not susceptible to clogging. 

One important feature in regard to internal-combustion 
engines of the high-compression type has apparently not 
been given a great deal of thought, namely, that with 
the most approved type of injector and with all the parts 
in excellent operative condition it is still necessary to 
have some 40 to 50 per cent of excess air in the cylinder 
to produce perfect combustion. If the engine is over- 
loaded smoky exhaust is produced, meaning that the in- 
flammation is not completed during the working stroke. 
This is a waste in fuel, not to mention the detrimental 
effects produced upon the mechanical parts of the engine. 
If a greater part of the air taken in during each cycle 
could be carburetted and utilized, the size of the engine 
could be diminished. 

It has long been the belief of the author that a big 
step in advance is due and is coming when other means 
will be found and devised for subdividing the incoming 
fuel into finer particles than is done at present, permit- 
ting each tiny particle to become thoroughly oxygenated 
in the shortest possible time. 

It is possible that an entirely different shaped combus- 
tion chamber from the existing types should be used; 
that is, a combustion chamber that will be shaped to 
conform with the jet of incoming fuel. 


Future AUTOMOTIVE ENGINES 


The writer has been asked many times if the exist- 
ing principles of the high-compression oil engine could 
not be applied to engines suitable for automobiles and 
kindred purposes. Invariably the question has been an- 
swered that the existing types so far are not applicable, 
but it must be admitted that there is no really inherent 


reason why such an engine could not be built. It means 


carrying out in a proper manner the basic principles 
underlying the existing types, but it also means a care- 
ful study of all the mechanical parts, and a redesign 
along rational lines of the device now used for carburet- 
ing or breaking up the fuel so as to render it fit to be 
used in the engine. 

When it becomes thoroughly understood that these en- 
gines can be made to operate on less than one-half pound 
of fuel per brake horsepower per hour, and the price 
of existing fuels becomes higher, the proposed idea will 
come about and become a reality. 

Some form of two-stroke cycle engine would adapt 
itself better than the four-stroke cycle type for this class 
of service. The reason is that in the two-stroke cycle 
engine the compression pressures used of 500 lb. per sq. 
in. and over would be sufficient to counteract the inertia 
of the reciprocating parts, with the result that the pres- 
sures on the piston pins and crankpins will always be 
downward, or in the same direction. As this will be the 
case, the trouble of taking up bearings for quiet opera- 
tion would be done away with. The bearings could be 
permitted to wear to a considerable extent before requir- 
ing attention. 

If the pressure is always in the same direction, a prob- 
lem in lubrication will be introduced, but this can and 
has been successfully solved. It would be advisable 
to experiment and investigate along the lines of solid 
injection, utilizing extremely high pressure, possibly as 
high as 6000 or 7000 lb. per sq. in., rather than go to 
the complication of utilizing air for this purpose, with 
its attendant multiple-stage compressor and parapher- 
nalia. 

The author knows of no effort that has been made of 
especially preparing fuel prior to its use in the engine. 
It is barely possible that experiments conducted along 


such lines might materially assist in solving the prob- 
lem. 


The greater the amount of surface that can be pre- 
This appar- 


sented by the broken-up fuel, the better. 
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ently means that each tiny particle should be a sphere. unless you apply a great quantity of heat. When that 


It means also that each tiny particle should be a hollow 
sphere, and the thinner its wall the better. Exactly 
how to do this commercially is still unknown. 

The fuel question is unquestionably a serious one at 
the present time, but it is the author’s belief that it 
is but temporary. The path of least resistance will 
undoubtedly be the application of kerosene, not as at- 
tempted through the utilization of existing types of car- 
bureters, but with a device distinctly constructed, and 
embodying the requisites for the purpose. 

Such a device will permit the use of enormous quanti- 
ties of this class of petroleum, which is now more or 
less of a drug on the market. 

The next step, especially for commercial purposes, will 
be the utilization of the heavier petroleum and such other 
oils as tar oils and oils from the lignites, almost limitless 
deposits of which are found in the great Northwest. 


Tue Discussion 


H. G. McComs:—I would like to ask Mr. Chatain what 
the possibilities are of using kerosene by means of spe- 
cial carbureters on standard automobile engines as they 
exist today. The problem that is ahead of us is how 
to make existing engines operate on the heavier fuels 
with the least change. What will be the logical way to be- 
gin to handle that problem? 

H. G. CHATAIN:—The most logical means is by using 
a carbureter which produces what might be called a 
fixed gas, or at least partly so; that is to say, somewhat 
along the same idea of the anthracite gas producer which 
produces carbon monoxide. The combustible is burned 
by means of mixing it with oxygen. With liquid fuel we 
can go a step further and make a fixed gas that is similar 
to carbon monoxide of the anthracite gas producer; this 
is commingled with kerosene and air. Three things— 
pulverized kerosene, fixed gas and air—can be used in 
existing types of automobile engines. It would be more 
practical if the compression of the engine was cut down 
slightly with this character of gas. Apparently it does 
not stand the compression that gasoline gas stands. 

C. H. JOHN :—Is it not true that the so-called kerosene 
carbureter uses kerosene at a much diminished engine 
power, and is really a gasoline carbureter attempting 
to use kerosene? 

H. G. CHATAIN :—The time that it takes from cycle to 
cycle in the cylinder is insufficient to vaporize kerosene 


is done the power of the engine falls off, and if a quantity 
of heat is not applied the velocity of air going through 
the intake pipe is insufficient to break the kerosene up 
into a fog which, when compressed, will ignite and will 
ignite properly. The attempts that have been made in 
operating from three-fourths load to full load continu- 
ously with a warm engine are not the same conditions 
that apply to the passenger automobile. The result there 
is usually that the kerosene is only partly vaporized, 
finds its way to the cylinder walls and destroys the lubri- 
cation, and finally goes down to the crankcase and ruins 
all the lubricating oil. I have known cases of engines 
ruined in attempting to use kerosene in this manner. 

CHAIRMAN CHASE:—lIn the case of tractors, I learned 
that it was possible to operate the engines with kerosene, 
but they have great difficulty with the lubrication, owing 
to the kerosene going through into the crankcase. Some 
companies that are making the tractors figure that the 
net cost, due to the use of kerosene, the attendant diffi- 
culties that they have with the engine, and the loss of 
time. really makes it more expensive in the end than 
using straight gasoline. 

A. B. BROWNE:—Is not a mixture of kerosene and gaso- 
line a more immediately available fuel? I have in mind 
an artificial mixture, a product embracing all the gaso- 
line and a major portion of the kerosene present in crude 
petroleum. 

It is a fact well known to chemists that in the frac- 
tional distillation of mixtures the lighter fractions carry 
with them considerable portions of the heavier fractions. 
It would seem reasonable to expect that because of the 
presence of the lighter fractions in mixtures, the vola- 
tility of the whole might be raised to a point well within 
the practical scope of present-day carbureters of good 
design and without the use of sufficient heat to derange 
the functioning of the engine. 

Experiments already conducted seem to indicate the 
feasibility of using a single cut fuel embracing all the 
fractions commonly known as gasoline and kerosene. If 
this proves to be a fact it would afford a great relief to 
the present fuel situation, making the present kerosene 
supply available with an actual reduction in the cost of 
refining. 

H. G. CHATAIN: —I think that point is well taken. We 


have not tried it. There may be something in it along 
those lines. 
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Spark-Plugs for High-Speed Engines 


By Ausert CHamMprion* (Member of the Society) 


T various meetings of the Society the question of 
A standardizing spark-plug sizes has been discussed. 

The functions, shortcomings and close relationship 
of the spark-plug to the efficiency of the engine have re- 
ceived, however, but scant attention, and the engineer 
will find it highly important to give more consideration 
to this very essential part. 

I want to go back further than spark-plugs, as far as 
automobile engines are concerned, to the first ignition 
used. I believe that most engineers have never had any 
experience with the hot-tube ignition that preceded the 
spark-plug. Some of the younger engineers do not re- 
alize the difficulties in the old days when we did not have 
electrical ignition. A thin platinum tube was heated 
by a gasoline burner and when the gas was compressed 
in this hot tube the explosion would be produced. That 
was the first means of ignition for automobile engines. 
Then we had the low-tension type of ignition in connec- 
tion with the make-and-break system. De Dion was the 
first manufacturer to use spark-plugs successfully. The 
plugs were very much like the article we make today. 
The porcelain was of the conical type and had a center 
wire cemented in and a single ground electrode. 

In the early days of the industry in this country there 
were no spark-plug makers, as there was no spark-plug 
business. The few manufacturers who were really put- 
ting out experimental cars had to make their own plugs. 
Some of them used mica for insulation, others porcelain; 
but all of the porcelain came from France. As the busi- 
ness grew, the majority of spark-plugs were imported 
from France. Then we had spark-plug manufacturers 
in the United States, but those who used porcelain insu- 
lation brought it from France. 


Impossible Claims for Plugs 


Up to a few years ago all spark-plug manufacturers 
thought that if they could make a spark-plug, the insula- 
tion of which would not crack or soot too easily, they 
would have accomplished all that was expected of them. 
Innumerable claims were made about soot-proof plugs, 
but to date no spark-plugs are made that will not soot 
under certain conditions; neither are there porcelains 
that will not finally crack. We used to have a good deal 
mor? porcelain breakage on plugs than we have today but 
the ‘eduction of the breakage is not due to the better 
porcelain but to the improved design of the plugs as 
developed by some of the spark-plug manufacturers. 
The porcelain maker was blamed for the breakage, but 
later on we found that the design had more to do with 
that trouble than the quality of the porcelain itself. 

It is sometimes thought that as regards scooting, the 
design known as the petticoat type of porcelain is better 
than the conical type, but this is a mistake. The conical 
type porcelains are now made in such a way that the 
porcelains are of a sufficient length and are small enough 
to get hot. This type of plug will not soot so easily as 
the petticoat type, which does not project far enough 
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into the combustion chamber, resulting in a compara- 
tively low temperature which causes it to soot and short- 
circuit more rapidly than the conical porcelain. The 
disadvantage of the petticoat type as with high-speed 
engines today is that the center wire is very long, and 
being away from the cooling points it becomes over- 
heated and will cause preignition. 


INSULATING MATERIAL 

Porcelain.—Porcelain is a mixture of different clays 
such as feldspar, flint, kaolin and ball clay. The compo- 
sition used by the different manufacturers are very sim- 
ilar but the variation in the quality of the several mater- 
ials is great; to date it has been found that the com- 
bination of English and French clays really constitutes 
the best body for porcelain for use in the manufacture 
of spark-plugs. After all of this clay has been ground 
and mixed together it is ready for what is called vitrify- 
ing, for what we really have is a multitude of molecules 
that we simply weld together. The firing is a very care- 
ful process. There is no such thing as the highest heat 
for porcelain. What is required is the proper heat, just 
as in treating steel. If we under-heat, it will not stand 
heating and cooling. If we over-heat, it will blister. 

The first quality needed in porcelain for spark-plugs 
is the greatest dielectric strength, which means the least 
amount of electric leakage. Any porcelain weak dielec- 
trically will let an appreciable flow of current go through 
when subjected to heat, and the higher the temperature 
the greater the leakage. We also found that under pres- 
sure and low temperatures, which would be the condition 
when starting an engine, the plug with the porcelain 
having the greatest dielectric strength will produce a 
spark under high pressure, while the one with low dielec- 
tric strength will not give a good spark even under a com- 
paratively low pressure. A porcelain with good dielec- 
tric strength not only means more power, smoother run- 
ning, better pick-up, but also easier starting. 

Many engineers have probably wondered why, with 
a certain make of plug, they can throttle their engine 
down lower than with some other make. If an insulator 
in the spark-plug permits so much electric leakage that 
most of the current goes through the insulation little is 
left to ignite the gas. This will not only prevent the 
engine’s running smoothly, but on a quick pick-up the car 
will be jerked, owing to missed explosions, as at that 
time the mixture of gas is not the best and the spark is 
so weak that the mixture will not ignite until it has ad- 
justed itself. 

Many years ago, after having made some great im- 
provements in our spark-plugs, we decided that we ought 
to find some way of putting them out of business. We 
had an engine with a detachable head so that we could 
vary the compression and when we ran it so as to get to 
a fairly good heat we found that in about forty minutes 
the engine would stop. We began to blame the ignition, 
which was by a well-known battery system. We also 
tried about every make of plug we could find on the mar- 
ket. Some of them we found would make the engine 
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stop in a very short time, so we realized that a good deal 
depended on the spark-plug itself. On the other hand, 
we thought the trouble was partly due to the ignition. 
We made tests with a larger coil and found that it helped. 
Then we made a special high-tension switch, so that 
when the engine was ready to quit we could shift to the 
other coil; the engine would at once pick-up again. This 
showed us that after a coil became hot leakage devel- 
oped. The combined electric leakage of the coil and 
the spark-plug insulation was enough to reduce the cur- 
rent until the spark became so weak that it could not 
ignite the gas. Further tests that we made demon- 
strated that if there had been less leakage in the insula- 
tion we could have run continuously with the same coil. 

One of the greatest troubles on most insulators is 
the fact that they will change form. All American-made 
porcelain will. absorb carbon. Some engines must be 
operated a couple of thousand miles, others less, depend- 
ing upon their carbonization. It will be worse in 
the winter when the choker is used, especially if the 
engine pumps a little oil, for with the gas and the oil a 
combination is formed such as is found in a carburizing 
furnace. This change of form in the porcelain baffles 
many people. If their engines do not run smoothly 
they clean the plugs. If there is no break or crack in 
the porcelain they blame anything in the engine but 
the spark-plugs. They adjust the carbureter, they may 
grind the valves and do other things; then finally they 
decide to try a new set of plugs and just as soon as 
the new plugs are put in the engine runs properly again. 
If they do not use a plug with the right kind of insula- 
tion it is right only for a short period. This is why 
so many plugs are made for resale. One spark-plug 
manufacturer has claimed to make at least sixteen million 
plugs per year; we make about twelve million ourselves 
and there are about two hundred more plug makers and 
assemblers who, combined, make at least as many plugs 
as the two larger manufacturers, so that about six sets 
of plugs per year are used on every car that is running 
in this country today. If that is the condition, we will 
have to admit that the spark-plugs made today need 
much improvement. 


Effect of Conductivity 


In making a spark-plug for high-speed engines, we 
must figure the conductivity of heat. Porcelain, or any 
other refractory material, is a very poor conductor of 
heat and the center wire, which is in the center of the 
insulator, should be kept comparatively cool so as not 
to result in preignition. The insulator really gives us 
an ideal condition for a heat-retaining furnace, it being 
well known that all furnaces are lined with a refractory 
material to hold the heat. 

As far as the sooting of porcelain is concerned, there 
is no doubt that the quality which is non-absorbent, such 
as that made in France or Bohemia, will not become 
sooted or short-circuited as rapidly as the other. As long 
as porcelains of this quality do not break or crack the 
engine will run smoothly, as they do not change form. 
If oil or soot should result in a short-circuit they will, 
after being cleaned, be as good as they were before. 
But the trouble with all American-made porcelain is that 
after the plug starts to become short-circuited we might 
just as well buy a new plug, for although cleaned on the 
surface they have absorbed so much carbon that they 
will soon become short-circuited again. 


Steatite.—Steatite is a commonly known material, 
used in the Bosch spark-plug, the manufacturers of which 





were the first to use it. 
Germany. 

The principal material entering into the manufacture 
of steatite is what is known as soapstone, or lava, or 
tale, which are all of the same family. A great variation 
is found in tale; some that would be very fine for talcum 
powder would not be good for steatite. In this coun- 
try today we have many varieties of soapstone used for 
different purposes. The German soapstone, which is 
found near Nuremberg, has proved to be the best to 
date. This material has great mechanical strength and 
will stand much more abuse than porcelain. 


Difficulties with Glazing 


The only real trouble with steatite is that so far 
it is not possible to apply a glaze at a high heat. There- 
fore it is necessary to vitrify the material first and then 
use a low-fusing glaze. Because of the difference be- 
tween the temperature at which the steatite is vitrified 
and the temperature at which the glaze is fused, there 
is a great difference of expansion so that after a short 
time the glaze cracks like a very poor quality of china. 
When this happens, it gives the impression that the stea- 
tite is porous and that the spark is jumping through, 
but this is not the case, as carbon is lodged in the multi- 
tude of cracks and the spark jumps from one to the 
other, instead of taking place at the gap. At high speed 
a steatite glaze has been frequently known to melt 
and for high-speed engines I thing that much better 
results would be obtained if steatite were used without 
any glaze and simply given a high polish. 

Mica.—Mica is good dielectrically before being sub- 
jected to oil and the heat of an engine. Its main quality 
is that it will not break under stress of a heavy blow. 
The best quality of this material is what is known as 
india-ruby mica and the reason it is found very good, 
especially for spark-plugs, is that it will split evenly. 
The process may be still continued after a piece of it 
has been split down to a few thousandths of an inch. 
We are very well posted on the mica-insulator proposi- 
tion, having built in our experimental department plugs 
with this insulation and also having tested all makes of 
mica spark-plugs. 

We may first mention the mica core, which consists 
of a certain thickness of mica wrapped on a metallic 
center wire. A large number of mica washers are slipped 
over this mica tube, then tightened together, giving what 
might be termed a mica cylinder, which is turned to 
the form desired and given a high polish. In the experi- 
ments we made we always found that with any degree 
of pressure we might use we never could compress the 
mica enough to make the core gas-tight. Shellac has been 
used between the mica washers when assembling them; 
this will make the insulation tight when cold, but when 
subjected to heat it will leak very badly. Some of the 
latest mica plugs, as made for airplane engines, have 
layers of mica on the inner part of the shell and then 
a certain number of mica washers to cover the layers of 
mica. Actually, the other construction has been reversed 
in order to keep the insulating material as cool as 
possible. 

Plugs made of this design are successful for aviation 
engines, but on account of the large number rejected 
in manufacture they cost several dollars apiece. Further- 
more, they are only good for a limited number of hours, 
and one of their greatest troubles is that they will become 
short-circuited with oil very easily. 

A great difficulty in the manufacture of plugs with 
mica insulation is to duplicate; in other words, make two 


This insulator is made in 
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good plugs in succession. Not only does it take much 
skill, but if the operator should happen to have moist 
hands as he wraps the mica, moisture will get between 
the layers, and this is enough to make a bad plug. 
Glass and Quartz.—Glass has been used in spark- 
plugs. These were on the market for a short time, but 
have disappeared. The reason for it is that glass is 
dielectrically inferior to the poorest kind of porcelain, 
and consequently with glass plugs the engine will not run 
very smoothly, which is enough to condemn them. Quartz, 
dielectrically, is just as bad as glass, and is also bad 
mechanically. We tested quartz at one time, knowing 
its ability to stand heating and cooling, but when we 


found the amount of electric leakage we concluded it was 
unsatisfactory. 


GENERAL DESIGN 


Assembly of Insulator and Center Electrode.—We now 
have the porcelain through which a center wire must 
be inserted. It is imperative for high-speed work that 
the plug be gas-tight. 

A valve cap in an engine fitted with a copper-asbestos 
gasket and tightened with all possible force will, upon 
being tested, still show some slight leakage. Further, 
this being metal to metal, the coefficient of expansion and 
contraction is the same, and the greatest pressure can 
be applied. Yet the valve cap cannot be made gas-tight. 

Considering these facts, it will probably be realized 
what a problem the spark-plug manufacturer has to solve 
to make a gas-tight plug with a porcelain assembled in a 
steel shell and a metallic core running through the por- 
celain. 

Electrodes and Materials.—The best practice is to 
cement to the center wire in the porcelain. As the cement 
dries the evaporation leaves it porous, and this porosity 
means leakage. 

Another design of center wire consists of a long screw 
headed at one end. A packing is placed between the head 
and the porcelain at one end, and the other end is tight- 
ened with a nut. This is only used on a small number 
of plugs, as not only is the leakage great but the strain on 
the porcelain will crack it. 

These two methods, cement and packing, are the most 
commonly used, but the first design mentioned is the best 
practice known today with the insulators we have to 
work with. 

At the same time we are limited as to the size of the 
electrodes, owing to the fact that they are made, in 
most cases, of an alloy with a high percentage of nickel. 
Nickel alloys have large coefficients of expansion, so 
that a heavy wire will crack the porcelain; therefore, we 
must endeavor to make them small enough to preclude 
this. This is one of the things that handicaps the spark- 
plug maker using porcelain insulators. If a larger elec- 
trode could be used the plug would be better for aviation 
and racing purposes so far as the center electrode is 
concerned, as it would assist considerably in conducting 
the heat away. 

We have heard of all kinds of materials used for center 
electrodes, but all of them are nickel alloys. The mate- 
rial most commonly used with nickel is manganese. The 
proportions vary, but run about 96 or 97 per cent nickel, 
about one and one-half per cent manganese, and a little 
foreign matter, like cobalt. The manganese is really 
used to help flux and rolling, and my opinion is that pure 
nickel is better. Pure nickel, which is used by some 
makers, has a very much better conductivity of heat, but 


its expansion is greater, consequently it will crack the 
porcelain much more easily. 

The reducing flame of the explosion will carbonize 
any material now used in spark-plugs. At times, after 
using a spark-plug for a certain period, one attempting 
to adjust the electrode will find that it has become very 
brittle, and will break, and will probably blame the mate- 
rial, not realizing that the principal trouble is due to 
carbonization. For instance, an engine may be equipped 
with plugs of the same material throughout, and on ex- 
amination electrodes in three cylinders will be found 
to be still good, while in the fourth one, owing to pumping 
of oil in the cylinder which creates a reducing condition, 
the electrode will be absolutely gone. So far we find 
that pure nickel is the best for the purpose. 

Gaskets.—The design of the gasket is a very impor- 
tant factor in spark-plug efficiency. Porcelain is a very 
poor conductor of heat, consequently anything we can 
do to conduct the heat away will improve the plug, be- 
cause the cooler we keep the insulation the less electric 
leakage we have. Asbestos as a cushion is good, but it 
should be inclosed in copper so the porcelain will be in 
contact with the copper and the copper with the body, 
in order to carry the heat away. Otherwise, it only helps 
to insulate it from the cooling points and hold the heat 
in the porcelain, in the same manner as is done with 
pipes and boilers, where asbestos is used to retain the 
heat. 

Shells and Bushings.—I do not know of anything 
but cold-rolled steel being used for the shell itself. 

Separable Plugs.—On the plugs that come apart a 
brass bushing is good, as it will help to carry a certain 
amount of heat away from the porcelain. The principal 
difficulty with separable plugs, however, is that it is really 
impossible not only to make them gas-tight, but to keep 
them so when subjected to heat. When the parts are 
put together and the tightening is done on the bushing, 
either the porcelain will turn on the packing or the 
porcelain and packing will turn against the seat. This 
will impair the packing, and cause leakage. The other 
great trouble is that on account of variation in the size 
of porcelains it is seldom possible to get them tightened 
exactly as they should be, so that many of these porcelains 
will break while in use. 

Integral Plugs.—It is difficult to make a plug of the 
separable type, but on the other hand it is much more 
difficult to make a good integral-type plug. It was only 
after a good many years of research work that our engi- 


neering department did develop a plug that has been 
successful. 


AUTHOR'S CONCLUSION 


Poor throttling, poor pick up, missing on hard pulls 
and at high speed are caused mostly by the spark-plugs. 
These things happen because of poor insulation. We 
must have and are getting good design in spark-plugs, 
and it is quite possible to have a gas-tight plug. But 
the most needed thing today is better insulation. Effi- 
cient plugs will mean a great deal to the manufacturers 
and users. Inferior plugs will certainly spoil a good 
engine and cause trouble to the service man, and I know 
that one of the biggest costs of service today is caused 
by owners continually going into service stations for 
various adjustments because their engines are not run- 
ning properly, when nearly all of the trouble is owing to 
faulty spark-plugs. 
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II—Treatment and Selection of Steel 


Ts paper, presentéd at a meeting of the Indiana Section of the Society, is published 
in two parts. Part I, published in the August JourNAL, covered the properties of different 
steels, processes of manufacture, the effect of mechanical working on the crystalline struc- 
ture of ingots and various methods of selecting steel. Part IJ in this number covers the 
spark-test method of the selection of steel, its present use and the subject of heat-treatment. 


By JOHN F. KELLER* (Non-Member) 





HE spark method depends upon the action of the 

oxygen of the air, upon the combustible element pres- 

ent in iron, and especially on the fact that many of 
the alloying elements contained in the different steels act 
explosively when heated to a temperature necessary for 
combustion. To produce bright sparks as the result of 
heating finely divided particles of metal, the heat must 
be intense enough to cause chemical combustion between 
the oxygen of the air and the particles of metal. 


The combustion of iron is beautifully demonstrated 
by the iron torch. By heating a bar of wrought iron 
to a welding heat and holding it under a stream of 
compressed air or a strong blast, it will at once begin 
to melt and sizzle, emitting an incandescent and scin- 
tillating light (dangerous to observe at close range with- 
out colored glasses). This can be maintained for hours 
without any other source of heat, except that caused 
by the combustion of the iron. The oxy-acetylene cut- 
ting torch is based upon this principle in that a neutral 
flame is applied im order to heat the part being cut to 
the desired temperature. Once the melting point is 
reached, pure oxygen under excess pressure is applied to 
maintain oxidation and force out the burned portion. 


If a piece of steel is touched with some pressure to 
an emery wheel revolving at high speed it will throw 
off a great number of sparks, characteristic of the com- 
bustible elements in the metal. If we could distinguish 
the different sparks by their quantity or characteristics as 
caused by the different elements in the metal, we might 
be able to identify with a reasonable degree of accuracy 
iron or steel that throws a characteristic spark. 


Much time and money has been spent in attempting 
to photograph the sparks from different metals but we 
have been unable to get anything worth while; there- 
fore we have resorted to the pen (Fig. 7) in order to 
furnish an illustration of the sparks from different steels. 
While it is not absolutely correct, nevertheless, it will 


furnish some idea of what to look for. 


In making spark tests the following conditions are es- 
sential: 1. Clean-cutting emery wheel running at a speed 
of about 7000 fet. per min. 2. Enough pressure on the 
wheel to throw a few sparks only. 


Suppose a piece of wrought iron (a) almost free from 
carbon is held against an emery wheel revolving at high 
speed; the small heated particles thrown from the wheel 
will follow a straight line, which becomes broader and 
more luminous some distance from its source of heat. 
If the particles are not all consumed they fall to the 
floor, just as do those from the meteorite or shooting 
star. The broadening of the streak of light is probably 
due to the action of the oxygen of the air, requiring 
some time to act. All commercial iron contains a small 


*Instructor in Forging and Heat-Treatment of Steel, Purdue Uni- 
versity. 


Illustrated with CHARTS AND PHOTOGRAPHS 


percentage of carbon; this will be indicated by a branch- 
ing or forking of the luminous streak. 

In the manufacture of steel, carbon is added to iron; 
therefore if we touch a piece of mild steel (b) that con- 
tains a small percentage of carbon, the effect is at once 
noted by a division or forking of the luminous streak. 
This is probably due to the presence of carbon which is 
acted upon by the maximum heat of the iron spark; this 
burns explosively, causing several breaks in the original 
heavy line. 

With increase of carbon from 0.50 to 0.85 per cent, 
the iron-spark lines (c) diminish, becoming less con- 
spicuous in proportion to the increase of carbon con- 
tent; the forking of the luminous streak occurs much 
more frequently, being subdivided by re-explosions from 
the smaller particles. The lower the percentage of car- 
bon the less will be the forking of the heavy lines of 
light and the farther the sparks will be thrown from 
their source of heat. 

In the higher grades of carbon tool steel (d) the iron 
lines are practically eliminated with increase of the ex- 
plosions and subdivisions, causing a beautiful display of 
figures. This is probably due to the iron and carbon 
becoming united in such a manner that they are easily 
attacked by the oxygen of the air. Hence the danger of 
burning carbon tool steel on the emery wheel and in 
the fire. It would be well to state here that the higher 
the percentage of carbon the more profuse are the ex- 
plosions, and the shorter is the distance from the sparks 
to the source of heat. 

The spark shown at (e) is thrown from high 
speed steel. Practically all high speed steel contains, 
in addition to carbon, other alloying elements, 
chiefly tungsten and chromium. This steel contains 
about 65 per cent carbon, but the particles show no trace 
of a carbon spark whatever. It is probable that the al- 
loying elements are so thoroughly combined with the 
carbon that they prevent its explosion or burning. 
The metal being much more refractive than carbon 
steel will endure high temperature without scaling or 
burning, and the temper is not drawn so easily as in 
carbon steel. Considerable pressure on the emery wheel 
is required to ignite a spark. Its color is a dark yellow 
owing to the chromium and tungsten. The spark follows 
a straight line similar to iron except that the broad 
streak of light is more abrupt, with an occasional branch- 
ing spark that is probably due to manganese. 

At (f) is represented a manganese spark. This dif- 
fers widely from the carbon spark in that it seems to 
explode at right angles to the direction in which it is 
moving. Each spark is divided and subdivided into a 
number of re-explosions which are very distinct. An 
illustration of this spark can be found in cast iron, high 
in manganese; the spark from manganese steel is not 
so distinct, yet to the trained eye it is easily recognized 
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Fic. 7—CHARACTERISTIC SPARKS OF DIFFERENT STEELS AS THROWN OFF BY AN EMERY WHEEL 


by its branching appearance, as indicated at (e) and 
(h). This is probably due to the manganese and other 
elements becoming so united or combined as to prevent 
the free explosion of the manganese. 

The spark thrown from the old grade of “Mushett” 
steel (not the modern high speed) is shown at (g). This 
steel usually contains about 16 to 17 per cent tungsten, 
about 2 per cent carbon and 2 per cent manganese. A 
remarkable fact is that it shows no trace of a carbon 
spark and only an occasional manganese spark. This 
steel is easy to detect owing to the fact that it requires 
considerable pressure on the wheel. The particles follow 
a broken line and the color is a very dark red with an 
occasional manganese spark. The old Mushett steel is 
not in general use since the introduction of the modern 
high speed steels but we found a great quantity of it 
among old tools not in service, especially in old estab- 
lished factories. The steel companies are glad to have 
such material at this time, owing to its high percentage 
of tungsten. 

At (h) is represented the spark thrown from a special 
steel manufactured especially for magnets, and therefore 
known as magnet steel. This is similar to the spark 


from high speed steel, except that it is of a lighter color 
with a more profuse quantity of abrupt luminous explo- 
sions and an occasional branching manganese spark. The 
explosions, however, occur at a shorter distance from the 
source of heat than do those of high speed steel. We 
find by this test that many of the permanent magnets 
in service today are made from carbon steel rather than 
from the more expensive magnet stock. 


Use of Spark Test 


There are many other characteristic sparks, depending 
upon the amount and combination of the different com- 
bustible elements in steel, but to determine the quality 
by the spark analysis is not at all difficult if we have a 
known standard sample to compare with the metal under 
test. In other words this method is a comparative test 
of iron and steel. It is well illustrated if we touch two 
different grades of material to the wheel at the same 
time and note the difference in spark characteristic. 

Cast iron however is difficult to determine by this 
method, owing to the condition. of the carbon present 
in it. The material being seldom of standard composi- 
tion will often show scarcely any luminous sparks at all. 
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(Similar to the old Mushett tool steel.) Sometimes it is 
rich in manganese and the familiar bright manganese 
darts are given off at a varying distance from the wheel. 

If the carbon is in a combined state sparks similar to 
those given off by steel will appear in proportion to the 
percentage of carbon sc combined. 

This method of anal)'sis can be used to advantage to 
detect whether the surface of a piece of steel is or has 
been decarbonized in annealing. Such a surface will be 
indicated by the iron spark as at (a), Fig. 7. This con- 
dition is extremely noticeable in annealed tool steel. It 
also shows why the quality of steel should not be deter- 
mined by surface analysis. The spark tests will demon- 
strate how much must be removed in machine operations 
in order to reach that part of the metal containing suf- 
ficient carbon suitable for hardening power. This test 
will also give information regarding the opposite con- 
dition, that of carbonizing, commonly known as case- 
hardening. if the metal has been treated properly the 
spark will be proportional to the percentage of carbon 
present and combined with the softer stock and will 
appear as indicated at (c) and (d). It will also indi- 
cate the depth of penetration of the highly carbonized 
portion, if one cares to destroy the sample at hand. 

The spark method of test is also useful in determining 
the quality of the metal in welded parts. Many welds 
fail because they are hard and brittle and are impos- 
sible to machine. The reason for this condition is: Too 
much carbon. If iron, while at a high temperature 
necessary for welding purposes, is in contact with car- 
bonizing material such as coal, coke or highly carbon- 
izing gases, particularly acetylene gas, it will absorb an 
amount of carbon proportional to the time it is in con- 
tact with such material. Such a condition is easily 
detected on the emery wheel. If the metal is carbonized 
it will show the carbon spark, Fig. 7 (b). (c) and (d). 
On the other hand if the metal so welded should be a 
medium carbon steel and an excess of oxygen (air) was 
used in welding, the spark would indicate that all of the 
carbon had been removed in the welding operation and 
it would appear as at (a). 

One of the objects in annealing malleable iron (cast) 
is to decarbonize the surface. This condition is easily 
detected on the emery wheel as the spark will appear 
as that of pure iron. On the other hand one can touch 





Fic. 8—FRACTURE OF STEEL QUENCHED AT DIFFERENT TEM- 
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the inner portion of the metal, and the sparks are simi- 
lar to those given off from carbon or manganese tool- 
steel. Cast steel, however, will show the same spark 
throughout the mass except where the surface has be- 
come decarbonized in annealing. 

Steelite is used extensively in manufacturing plants. 
Once the surface is ground to size similar to that of 
high speed steel, the average workman has some dif- 
ficulty in recognizing the tool unless he has some identi- 
fication mark upon it. However, the emery wheel will 
easily decide that question as the metal is composed of 
elements that are non-combustible at grinding tempera- 
tures; it therefore shows no sparks and only a very 
short red streak of fire. This is developed only when the 
sample is pressed with some considerable force against 
the emery wheel. 

The consolidation of the old Premier Motor Car Com- 
pany and the Mais Motor Company, both of Indianapolis, 
brought together some 20 tons of steel, which was badly 
mixed up and varied in size from extremely small pieces 
up to stock 6 in. diameter and 16 ft. long. All kinds 
of material, iron, mild steel, cold rolled, structural steel 
and many pieces of tool steel including, so it was thought, 
a small quantity of high speed steel. The separation of 
this stock required about 15 days. A record was kept 
only of the high speed steel and of this 2245 lb. was 
found. 

A second instance of this same nature was in the case 
of the Lyons-Atlas Company, also of Indianapolis. Here 
the contents of the main tool room were inspected with 
the following results: 


High Speed Steels, Pounds Air Hardening, Carbon and 


Bar stock “a = iy Sacer 19.5 Other Grades of Tool Steels, 
Bethlehem : ~ sid ies 3 Pounds 
Blue chip >a eas aes 9.5 
Columbia eae ree Air hardening tools of 
So Baer 553 different grades of 
eS ale ‘ 8 stock errr eee 2,100 
Lathe tools See ere es Carbon bar stock. : 2,200 
RS ee ee 93 Carbon tools, lathe, ete.. 1,400 
Novo Superior .. 37.5 eg eer ee oe 480 
tte de tate bu eee 36.5 rere ee 310 
I al al Salas, Ben ie an eee Je 87 Ketos oil hardening..... 720 
ted, white and blue ee 300 
a or ee ee 217 Mushett (old grade).... 1,100 
One large boring tool Sanderson self hardening 825 
DE | Gc. atiicie's #3 eee mer a 23.5 Scrap carbon 2,000 
ee ee ee ore 299 - 
PT <<ikteswaewtew es 380 11,435 
. 3,669.5 
3,669.5 ~— 
Grand total amount. .15,104.5 
*The largest piece in this pile of scrap did not weigh over 6 oz., 


while ir most cases one could hold 15 or 20 p eces in the palm of the 
hand. The work was accomplished in 9 days 

This method has been proved to have advantages in a 
factory (The Dayton Engineering Laboratories Co.) in 
which a highly efficient metallurgist is employed. The 
method used there is to analyze chemically a bar of metal 
that gives trouble, and furnish a sample to the inspection 
department as a standard. 

A part of a statement made by the chief inspector of 
the Delco Company follows: 

“In one case 0.70 per cent carbon steel had become 
mixed with common screw stock at the steel mills, and 
we did not discover it until it had burned up about two 
hundred dollars’ worth of cutters. We then adopted the 
spark test, making it between the mill operation and our 
Raw Stock Department, and find we can segregate the 
high carbon steel from the screw stock. We do not 
know of any other method that would give us such re- 
sults.” 


Errect or Heat In ForminGc Parts 


Assuming the stock to be used has been selected, let 
us study the effect of heat and work upon it in the for- 
mation of tools or machine parts into which it is to be 
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shaped. If a small bar of the stock is nicked with a 
cold chisel and broken (not sheared) it will show the 
true crystalline structure of the stock in its normal state 
and as it comes from the mill. Then let us again nick 
the bar every inch for 6 in., number it from 1 to 6, heat 
the numbered portion to different temperatures (number 
1 to a white heat, while number 6 should not be heated 
above a very dark red), quench in water and break off 
each piece, noting the force required to fracture them. 
Compare them with the norma! stock and we will have 
samples similar to Fig. 8. 

Fig. 9, showing the effect of heat upon carbon, crys- 
talline structure, and the mechanical working of iron 
and steel, is used to illustrate these conditions. 

Since iron and steel are crystalline solids, the develop- 
ment of the crystals depends upon three factors; ele- 
ments in the metal, plasticity and time. As indicated in 





DIAGRAM SHOWING THE EFFECT OF CARBON AND MECHANICAL 

WORKING OF STEEL ON THE CRYSTALLINE STRUCTURE 
(a) Fig. 10, dots or nuclei will attract surrounding crys- 
tal matter. If the metal remains undisturbed, crystals 
will coalesce and the size of the crystal will be propor- 
tional to the length of time in cooling to the lowest point 
of the critical range and to the elements in the metal 
that may accelerate or retard such growth; (b) there- 
fore represents the crystalline structure of a slowly 
cooled ingot of steel, while (d) represents the structure 
of such an ingot hammered until a temperature is reached 
at which crystallization ceases. 

As previously stated the greatest efficiency of iron or 
steel is developed only when heated uniformly to its 
“critical temperature,” and then treated according to the 
requirements of the material. Iron, the base of all steel, 
has a critical temperature of about 1650 deg. fahr. With 
increase of carbon content the critical temperature is 
lowered progressively until 0.85 per cent carbon is 
added (eutectoid steel), the critical temperature is about 
1400 deg., an arbitrarily fixed point for illustrating the 
subject as indicated at A, Fig. 9. This point A will be re- 
ferred to hereafter as the “decalescence” point or critical 
temperature of the steel at hand; A, will represent the 
“recalescence” point indicated on the cooling curve at the 
right, in which temperature changes are measured 
vertically in degrees Fahrenheit. The change of time is 
measured horizontally. Therefore the line D indicates a 
temperature change upward, occupying some appreciable 
time; that is, slow heating. Heat energy is being given 
to the steel gradually and since energy cannot be de- 
stroyed it is evident that something occurring at the 
critical point A absorbs the energy that would otherwise 
cause the temperature to continue to rise uniformly. 
That part of the temperature curve at which increase of 
heat is momentarily checked is termed the “decalescence 
point.” The hesitation in the heating curve is probably 
due to some internal change which may be chemical, 
physical or both. When such change has been satisfied 
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or completed the steel continues to rise in temperature 
at a normal rate as indicated by the line D. 

If the furnace be permitted to cool slowly, the steel 
has a complementary reaction. As the temperature de- 
clines at a normal rate a momentary retardation of cool- 
ing or increase of heat takes place. Such manifestations 
are termed “recalescence points” and are indicated be- 
low horizontal line A on cooling curve E. 

Carbon exists in two forms; below A (decalescence 
point) it is in a soft or pearlite state while above A it is 
cementite carbon, an intensely hard allotropic form. 
Therefore, the single line F, Fig. 9, represents soft steel 
or pearlite carbon while the triple lines above A on the 
line F, H, J and M represent cementite carbon or hard- 
ened steel. The circle represents graphically the size of 
the granules or crystals, while the arrow points indicate 
the direction of heating, quenching or slow cooling. 

The strength of iron or steel is proportional to the 
fineness of grain. Therefore let the circles above G rep- 
resent the structure of normal steel properly annealed 
as it comes from the mill, and let us assume that the steel 
to be heat treated is in the form of a finished tool re- 
quiring extreme hardness or tempering. By following 
the line F and G there is no change either in carbon or 
structure until A (this point varies in different grades of 
stock and must be determined) is reached when the 
carbon changes to a cementite or hardness form while 
the structure changes to that of the finest possible grain 
(consistent with the quality of the metal at hand). The 
steel should remain at this temperature for a sufficient 
length of time for complete transformation to occur 
throughout the tool. If the heat could be instantane- 
ously conducted from the tool we would retain extremely 
hard steel and a fine silky structure but this is impos- 
sible. Therefore we retain a moderately hard tool with 
a fair sized grain, indicated by the lines H and 7. Ex- 
cept for certain special service the steel obtained by 
such sudden cooling is not suitable for commercial use 
on account of its extreme hardness and brittleness. 
Therefore it is usually “tempered.” 

The tendency for cementite or hardened carbon to 
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change is probably strong at all temperatures below the 
horizontal line B. If the hardened steel is slowly and uni- 
formly reheated it will become softer as the temperature 
rises in the drawing range up to the line B, as indicated 
by the converging of the lines J. There is also a cor- 
respondingly marked change in the physical properties; 
the tensile strength and elastic limit are lowered, but 
ductility and “fatigue-resisting” properties are increased. 
This is probably due to the grain size being unchanged in 
the tempering operation indicated by the line of circles K. 
If the operations described are carried out with some 
degree of accuracy remarkable and almost astonishing 
tensile strength and ductility can be developed from 
ordinary carbon steels. 


ForGcinc THE Merau 


When a forging operation is necessary to form the 
metal into desirable shape before machining and devel- 
oping the necessary important physical properties in the 
steel, the factors to be considered are: (1) Heating; 
(2) Drawing; (3) Upsetting (perhaps); (4) Bending; 
(5) Twisting; (6) Welding; (7) Shear and (8) Heat- 
treatment. 

It is necessary in many forging operations to heat the 
metal to a high temperature so that it can be formed into 
shape with the least amount of energy. The effect of so 
heating the metal is the development of large crystals 
or granules the sizes of which are proportional to the 
amount and kind of elements in the metal, the tempera- 
ture, and the time which the metal is allowed to remain 
in the semi-plastic state and hence in the crystallizing 
zone. This zone begins above the “decalescence point” 
and extends to the lowest “recalescence point” indicated 
at the left of the line F’, and above A, Fig. 9, while the 
circles on the line F, above A, also illustrate such grain 
growth. 

Let us assume that we are heating a large piece of steel 
to be forged to shape and that the normal structure of 
the metal would be as indicated by the small circle above 
G. There is no change occurring below A but above it 
the crystals increase in size according to the proportion 
mentioned. 

If the metal is hammered or rolled continually until 
the temperature drops to A, the granules will be as fine 
as consistent with the quality of metal at hand. This is 
indicated by following the line of circles R, downward to 
A. Below this point no crystallization takes place, how- 
ever, if hammering or rolling ceases above A, the crys- 
tal size will be proportional to the temperature at which 
the metal was laid down. This is indicated on the line 
of circles P where the metal was undisturbed by ham- 
mering or otherwise, and allowed to cool slowly offering 
free opportunity for crystal development while in the 
crystalline zone. 

Many forgings are in such condition, especially those 
that are heated to high temperature and to which 
little work (hammering) was applied. If the metal 
is hammered, rolled or cold-drawn below the point 
A, the operation will create external and internal 
strains; also surface hardness to some extent. This will 
increase the tensile strength and lower the ductility but 
in many cases makes the metal un-machineable. These 
conditions are due to the fact that there is no migration 
of the crystals below the point A,, owing to the rigidity 
of the mass. Therefore, they have no opportunity to 
adjust themselves. 

There are three purposes in annealing: (1) Relieving 
external and internal strains; (2) Changing the carbon 
from a cementite (hard) to a pearlite (soft) state; (3) 
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Imparting a uniform crystalline structure throughout 
the mass. 

All three conditions are imparted to the metal if 
heated to a temperature just above A, allowed to remain 
at that temperature until a molecular transformation 
occurs throughout the entire mass, then annealed by al- 
lowing to cool slowly. This is indicated on the chart, 
Fig. 9, by following the line G for portion of forging 
that may have the ideal structure, by hammering, to A, 
and the line of circles O (for that portion that may be 
coarsely crystalline, from high temperature with no work 
(hammering) to A. If the steel remains above A 
for sufficient time the entire structure will be uniform 
and machineable if allowed to cool slowly to below A.,, 
where no molecular change occurs and hardening of the 
metal ceases because the carbon is in a pearlite (soft) 
state, indicated by following the line Q and R downward. 





Fic. 11 


EFFECT OF REHEATING STEEL TO RESTORE A FIN® 


t GRAIN 


If, however, the metal is heated much above A in anneal- 
ing, the structure will be uniform but will be crystalline 
and proportional to time and temperature while in the 
crystallizing zone. This point is illustrated by following 
the line F and G to the horizontal line D, and the line 
P and Q downward; while this metal will be soft and 
machineable it will also be weak and undesirable for 
structural purposes. On the other hand, if the metal 
is heated to a high temperature and then quenched as 
indicated by following the line L and M downward the 
steel will be hard and coarsely crystalline because of the 
fact that quenching prevents further migration of the 
crystals and retains the carbon in a cementite or hard 
state. No method of cooling iron or steel forgings (ex- 
cept some of the alloy steels) from a high temperature 
will impart a fine structure. This abnormal condition 
can be corrected, however, by reheating to above A, but 
care must be taken that the entire mass is heated above 
that point; otherwise the metal will be soft, proportional 
to the temperature below A. There will however be no 
appreciable change in crystalline structure. 

This point is well illustrated by the piece of simple 
carbon tool steel shown in Fig. 11. The samples are 
(a) Original stock from the mill; (b) Overheated to 
high temperature and quenched in water; (c) Overheated 
and cooled in the air. In this case the grains do not 
appear as large as those of (b), but if polished and 
etched and examined with a microscope they will appear 
in their true size. The appearance is due to the fact 
that the metal is soft and more or less ductile; there- 
fore, when fractured there is more or less elongation 
of the granules, which makes them appear less crystal- 
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line; (d) Results obtained by reheating (b) or (c) to 
above A. The shell of fine grained steel indicates that 
transformation is completed in that portion of the block 
only; that is, the part heated above A, while the center 
portion remains undisturbed and not heated to A. This 
and the following block were quenched to retain that 
condition; (€) Indicates a more complete transforma- 
tion of the crystalline structure in that there are only a 
few large granules remaining in the center; (f) Indi- 
cates a complete transformation, or a result obtained by 
leaving the steel in the furnace until it had reached a 
uniform temperature throughout the entire mass. If 
this block had been allowed to cool slowly it would be in 
an ideal condition (soft, etc.) as block (a). This plate 
illustrates clearly what is necessary in order to impart 
a fine structure to iron and steel parts or tools. 

Many manufacturers of steel parts, engineers, and 
practical men contend that iron and steel crystallize in 
service owing to vibrations or alternate stresses. This 
does not imply “fatigue” fractures, but rather the more 
accepted coarse crystalline structure one may notice in 
important parts of machinery or in tools that have failed. 
From my experience I have no hesitancy in saying that 
the condition existed in the part when put into service 
and was not discovered until the failure occurred. The 
failure was probably due to the coarse crystalline struc- 
ture. It should be a simple problem to analyze the 
causes of such conditions in iron and steel parts or tools, 
especially when we consider that the manufacturer gives 
crystallization little or no consideration in the heating, 
welding or forming of material into the shape desired. 

There are several other causes for defective pieces in 
the forging operation which cannot be rectified or re- 
stored by heat treatment. The theory of “shear” in the 
drawing of iron or steel between flat hammer dies (see 
Fig. 5) had been questioned. Therefore in order to 
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note the actual movement of the material under the ham- 
mer a number of small ingots of steel were machined and 
marked on the ends in the form of square blocks. The 
hammer dies were planed parallel with each other. The 
end of the bar was heated to a forging heat, placed on 
the bottom die so that the side of the block would form a 
right angle with the face of the dies. If these small 
squares are considered as that of a pile to be welded to- 
gether rather than a solid mass of steel having no in- 
ternal defect, the conception of the idea I wish to convey 
will be clearer. If pressure or a blow of the hammer is 
applied the metal will flow in a horizontal plane propor- 
tional to its plasticity and the amount of force so ap- 
plied. If the force is sufficient to move the entire mass 
entirely through to the center this condition will be indi- 
cated by a convexity of the sides and end of the bar. If 
the block is placed in such a position every particle of 
the metal is under “compression.” By revolving the 
compressed block so that the sides will again form a 90 
deg. angle with the face of the die, the metal will stiil be 
under “compression.” If this operation is continued 
until the metal is drawn square in section and to the 
square of the area of the diameter desired for a polygon 
or round, there will be no defects in the metal. 

To form an octagon section the long points of the 
square must be placed perpendicular to the face of the 
die and a sufficient amount of pressure applied to form 
the section without disturbing the center of the stock. 
In order to form the metal into a round section a lighter 
blow or pressure must be applied. The effect of such 
work blows or pressure will be indicated by a concavity 
of the ends of the bar rather than convexity. 

This sequence of forging operations can properly be 
used in the reduction of iron or steel. On the other 
hand, if such a procedure is not followed the metal is 
likely to be destroyed. 


PARCEL-POST MOTOR-TRUCK SERVICE 


The following information issued by the Post Office 
Department will no doubt be valuable to all interested 
in the operation and manufacture of motor trucks: 

In the opinion of the Postmaster General, every large 
city and the villages and farming communities about 
them should be interested in the passage of the bill intro- 
duced in the House by Mr. Moon, authorizing experi- 
ments by the Postmaster General in the operation of 
motor-truck routes in the vicinity of large cities. 

The purpose of the bill is to have tried out a plan by 
which the benefits of the millions of dollars expended 
in making good roads and in the great development of 
motor vehicles may be coordinated with the parcel-post 
system, so as to open up great stretches of country 
within easy motor distance from large cities and to 
facilitate the delivery of food products. 

About many of the large cities, within a radius of 50 
miles or more, there are productive districts occupied 
by farms and villages which are without direct postal 
facilities. These would be reached by the contemplated 
motor-truck routes, to the convenience and advantage of 
both the isolated communities and of the consumers in 
the cities. 

For example, the city of Pittsburgh, one of the great- 
est centers of commercial and productive activity, is sur- 
rounded in almost all directions with productive territory, 


the inhabitants of which have no direct postal facilities, 
and must drive many miles to the city for their mail or 
the delivery of their produce. A similar condition exists 
as to most of the large cities where the divergence of 
railroad systems leaves large areas of country lying be- 
tween and remote from the railroads. Generally these 
sections may be reached by good wagon roads, millions 
having been spent in various States for road building. 

By the use of motor-truck routes in the Parcel Post 
Service in these sections it is believed a very large amount 
of food products which otherwise would be wasted or 
delivered only at very high cost would reach the large 
cities at a reasonable cost to the consumers. It is esti- 
mated that such service would be self-supporting and 
perhaps profitable to the Government. 

It will extend the postal zone of collection-and-delivery 
service in the vicinity of large cities to the point where 
the actual farmer-producer is domiciled rather than to 
where only suburban residents and nonproducers live. 

The postal patron in any of the 50 largest cities in the 
United States will directly benefit from the increased 
service and improved methods of communication with 
the genuine rural population and vice versa when the 
proposed legislation shall have been enacted and the 
maximum facilities provided. All other communities, 
wherever found, will benefit in proportion to population. 
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Aviation Engine Development 


By E. H. SHersBonpy* (Non-Member) 


CLEVELAND SECTION PAPER 


HE first mechanical flight was made in October, 1897, 
Ts Satory, France, by M. Ader, a French electrician 

and scientist, and was witnessed by a delegation of 
scientists appointed by the French Minister of War. It is 
said that the conditions under which this flight was made 
were most unfavorable, the wind being of sufficient 
strength to have made it difficult for modern aviators 
to fly. Nevertheless, Ader succeeded in flying some 350 
yd. The Ader machine was a monoplane with wings 
of batiike form, and was the prototype of a modern 
plane in a number of particulars, in that the landing 
gear was mounted on wheels as is now conventional in 
land-type machines. It was driven by two four-bladed 
propellers and arranged as a tractor. The power plant 
was steam, with total weight of 61, lb. per horsepower. 
The engines alone weighed slightly over 2 lb. per horse- 
power. 

With the exception of the Wrights in America, Santos- 
Dumont was the next aviator to succeed in flying, which 
he did in a small machine called the Bagatelle, in August, 
1906. From this time on a considerable interest was 
manifested in aviation, and in 1907 we find the names of 
Leon De Lagrange, Farman, Robert Esnault Pelterie, 
De la Vaux, Breguet and Bleriot. These men gave avia- 
tion its impetus in France, and each of the names is 
connected with modern ventures. The actual invention 
of various types of machines which are now used dates 
back as far as 1450, to Leonardo da Vinci and Dante de 
Perouse. Of course, every one is familiar with the 
names, Langley, Lilienthal, Chanute and the Wrights. 
The contributions made by these men to the development 
of aviation at a time when the whole idea of flying was 
laughed at are of inestimable value. 


Early French Development 


The various French automobile manufacturers were 
called upon, in 1906, 1907 and 1908, to construct light 
engines for airplanes, and the first of these followed 
closely the design of the type of automobile engine then 
in use. These engines soon proved unsatisfactory. 

There then came a period of development during which 
many different types were built and tested, most of which 
would now be considered freaks, such as the Beck engine, 
which had pistons oscillating in a ring-formed cylinder, 
the diameter of the ring being about 30 in. The mechani- 
cal construction of such a device is exceedingly difficult. 

The first good flying engine in France, the E. N. V., 
was built in two different sizes (50 and 80 hp.), and was 
very much like the modern eight-cylinder automobile 
engine, except that the cylinders were cast individually 
and had electrolytically deposited water-jackets. The 
workmanship on these engines was equal to the finest 
that has since been seen, and their performance made 
possible numerous short flights of many aviators be- 
tween 1907 and 1910. 

The Antoinette engine was also developed in this period, 
in eight, twelve, sixteen and twenty-four cylinders. The 
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engine proved fairly successful, and was also of very light 
weight. It had the peculiarity of not utilizing a carbu- 
reter, but had individual fuel-feed lines piped to the cyl- 
inders immediately above the inlet valves, which were 
of the automatic type. This construction was of much 
lighter weight than a carbureter and intake piping would 
have been, and I believe should be returned to. 

Aviation engines were also built by Panhard, Renault, 
Mores and Gregoire. The only one of these designs which 
was followed up before the opening of the war was the 
Renault V-type air-cooled engine, which was built in 
the form of a V of four cylinders. Later this construction 
was extended to eight and twelve cylinders. Reports of 
tests of these and other aviation engines were published 
in the official bulletin of the Automobile Club of France, 
in 1909-1914, and some of them showed very good re- 
sults. The Renault and Panhard companies both built 
water-cooled, steel-cylinder engines as early as 1908, and 
were thoroughly aware of the advantages of the steel 
construction at that time. 


Difficulties of Construction 


Owing to the fact that the power required was scarcely 
ever more than 80 and usually was 50 hp., the aviation- 
engine designers of this early period were confronted with 
vastly greater difficulties than are our modern construc- 
tors. None of the stationary-cylinder types were re- 
duced in weight below 3 lb. per hp. except the Gnome 
engine, which appeared in 1908, and was 30 per cent 
lighter than any other engine of that period, weighing 
only 2 lb. per hp., and had an output of about 35 hp. 

In October, 1909, Farman succeeded in flying three 
hours and four minutes with a Gnome engine. It was in 
this year that Glen Curtiss went to France and astounded 
the world by carrying off the Gordon Bennett Cup with 
a Curtiss biplane driven by a Curtiss 3°4 by 3%4-in. en- 
gine. This engine is said to have weighed 200 lb., and 
gave 35 hp. at 1000 r.p.m. 

In 1909 Louis Bleriot succeeded in flying across the 
Channel in a Bleriot monoplane driven by a three-cylinder 
25-hp. Anzani engine. The flight was made in barely 
one-half hour, and it was immediately after this that 
the British War Office first became interested in the mili- 
tary possibilities of heavier-than-air machines. Shortly 
after Lord Northcliffe organized the £5,000 Daily Mail 
Contest Prize, won by Colonel Cody for a flight from Lon- 
don to Manchester. 

From this time on considerable interest in aviation was 
manifested in all European countries. Each of the vari- 
ous governments took it upon themselves not only to in- 
vestigate the military possibilities of aviation but also 
to afford substantial support to the builders of airplanes 
and airplane engines. This is particularly true of Ger- 
many, where in 1913 the Kaiser Prize Contest for the 
best aviation engine that could be developed was held. 
In addition to prize contests, substantial subsidies were 
arranged for firms capable of building aviation engines, 
and this not only stimulated but made possible the de- 
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velopment of such engines as the Mercedes and Benz in 
Germany. 

We unfortunately have regarded the airplane as a sort 
of a curiosity in this country, and it 
is only now that we are commencing to 
appreciate its military value, and only 
a small percentage of the people with 
whom I have talked seem to think there 
is possible any real commercial use of 
the airplane. Fortunately, this view is 
not held by everyone, and while it is yet 
impossible to say in what direction the 
airplane will be most used in times of 
peace, it is my own belief that aerial 
transit will be developed within the next 
ten years so that it will be possible to 
travel with all the security and comfort 
of a modern Pullman car and with an 
enormous saving of time. Doubtless be- 
fore this time we shall have aerial mails. 

Our immediate concern is not, how- 
ever, with either the past or future of 
aerial travel for sport or pleasure but 
with the grim business of building 
planes and engines for war. That a real 
task is ahead of us to develop satisfac- 
tory aviation engines must be apparent 
to anyone who has reviewed, in even a 
casual way, the happenings of the last 
three or four years. 





times higher than that encountered in automobile en- 
gines. It has been found necessary to develop special 
types of pistons to carry the heat from the center of the 
head in order to prevent preignition. 

In the Mercedes engine the pistons 
have a drop-forged steel head, which in- 
cludes the piston-pin boss. This head is 
screwed into a cast-iron skirt, which has 
been machined inside to secure uniform 
wall-thickness. 

The carbureter used on this ]50-hp. 
Mercedes engine is precisely of the same 
type used on the twelve-cylinder engine 
which I shall describe. It has two ven- 
turi throats, in the center of which is 
placed the gasoline spray nozzle of con- 
ventional type with fixed orifices, imme- 
diately above which are placed two bar- 
rel-type throttles with side outlets. An 
idling or primary nozzle is arranged to 
discharge above the top of the venturi 
throat. The carbureter body is of cast 
aluminum and is water-jacketed. It is 
bolted directly to an air passage passing 
through the top and bottom half of the 
crankcase, which passes down through 
the oil reservoir. The air before reach- 
ing the carbureter proper has to some 
Jy extent cooled the oil in the crank cham- 


ae ber and has itself been heated to assist 

The size of the planes and the speed Gi in the vaporization. The inlet pipes are 
has increased by leaps and bounds dur- aes copper. All the passages between the 
ing the period of the war. The facility MERCEDES AVIATION ENGINE venturi throat and the inlet valve have 


with which man now flies is almost equal 
to that of birds. The largest sized successful airplane 
engine built up to 1909 was the 100-hp. Antoinette. This 
year planes have been flown with a total of 1700 hp. 

It was my good fortune to secure from Baron Charles 
Huard two of the aviation engines which were shot down 
in France during the last year. These I have had dis- 
mantled and can now give the full particulars of a 170-hp. 
Benz and of a twelve-cylinder engine of the Mercedes 
type, which was probably built by Renault. 

MercrEDES ENGINE 

The 150-hp. six-cylinder Mercedes has 140-mm. boré 
and 160-mm. stroke. This type won all the important 
places in the Kaiser prize contest with the exception of 
the first prize, which went to the Benz. The Mercedes 
Company started with six smaller sized cylinders, namely 
105-mm. bore and 140-mm. stroke. The principal fea- 
tures of the design are forged steel cylinders with forged 
steel elbows for gas passages, pressed steel water-jackets, 
which when welded together form the cylinder assembly, 
the use of inclined overhead valves operated by means 
of an overhead camshaft through rocker-arms, which 
multiply with the motion of the cam. By the use of 
steel cylinders, not only is the weight greatly reduced 
but distortion through unequal sections, leaks and cracks 
are entirely avoided. The construction is necessarily 
very expensive. It is certainly a sound job. In the de- 
tails of this construction there are a number of important 
things, such as finished gas passages, water-cooled valve- 
guides and a very small mass of metal, which is water- 
cooled, surrounding the spark-plug. It is necessary to 
use very high compression in aviation engines in order 
to secure high power and economy, and owing to the fact 
that they are worked at nearly their maximum, the heat 
flow through the cylinder, piston and valves is many 


been carefully finished and polished. The 
only abnormal thing in the design of this engine is the 
short connecting-rod, which is considerably less than twice 
the stroke and would be considered bad practice in auto- 
mobile engines. A short connecting-rod, however, pos- 
sesses two very real virtues: it decreases the height of 
the engine, and the piston passes over the bottom dead- 
center much more slowly than is the case with a long 
rod. 

Other features of the design are a very stiff crankcase, 
both halves of which are bolted together by long through 
bolts, the crankshaft bearings are seated in the lower 
half of the crankcase instead of in the usual caps, and 
no provision is made for adjustment. The Mercedes 
Company uses a plunger type of oil-pump having me- 
chanically operated piston valves and driven by worm 
gearing. 

The overhead camshaft construction is extremely light. 
The camshaft is mounted in a nearly cylindrical cast- 
bronze case and is driven by bevel gears from the crank- 
shaft. The vertical bevel-gear shaft through which the 
drive is taken from the crankshaft to the camshaft ope- 
rates at one and one-half times crankshaft speed. The 
reduction to the half-time camshaft is secured through 
a pair of bevel gears. On this vertical shaft the water- 
pump and a bevel gear for driving two magnetos are 
mounted. The water-pump mounted on this shaft tends 
to steady the drive and avoid vibration in the gear- 
ing. 

The sizes of six-cylinder aviation engines built by Mer- 
cedes are as follows: 


No. Bore. Stroke. Horsepower. 
1 105 140 100 
2 120 140 135 
3 140 150 150 
4 140 160 160 














The largest of these, No. 4, has recently had its horse- 
power increased to 176 at 1450 r.p.m. This gen- 
eral design of engine has been the foundation for a great 
many other designs, some of which have proved success- 
ful but none of which, in the author’s estimation, is equal 
to the original. 

Among those that follow more or less closely the scheme 
of design and arrangement are the Hall-Scott, the Wis- 
consin, the Renault, the Packard, the Christofferson and 
the Rolls-Royce. Each of these shows considerable varia- 
tion in detail. The Rolls-Royce and Renault are the only 
ones in which the steel cylinder with the steel jacket has 
been used. The Wisconsin engine has an aluminum cy]l- 
inder with a hardened steel liner and cast-iron valve- 
seats. The Christofferson has somewhat similar design 
to the Wisconsin with the exception that the valve seats 
are threaded into the aluminum jacket and the cylinder 
head has a blank end which is secured to the aluminum 
easting by the valve-seat pieces. The Rolls-Royce en- 
gines show small differences in details of design in cylin- 
der head and camshaft housing from the Mercedes on 
which patents have been taken out, not only abroad but 
in this country. 

RENAULT ENGINE 

The first important peculiarity of the V-type twelve- 
cylinder Renault engine of 125-mm. bore and 160-mm. 
stroke is a small 





angle between y 370% 
the cylinders, 
only 4714 deg., 


which enables 
the body width 
to be consider- 
ably lessened, 
thus reducing 
the head resist- 
ance. The cylin- 
ders of this en- 
gine are almost 
a duplicate of 
the Mercedes de- 
sign of steel cyl- 
inders, with the 
exception that the el- 


bows in which the valves \ 
ere inserted are not so rN 
carefully designed and \ 
the water-jacket is car- V 
ried around only one side \ | 
of the exhaust-valve JX 
stem, whereas in the 
Mercedes engine the 


water-jacket completely / 


surrounds the exhaust- — 
valve stem. It appears @\\ | 
to be absolutely essen- 3 \ 


tial to cool the exhaust 
valve as much as possi- 
ble, since preignition is 
likely to occur usually from one 
of three sources, the spark-plug, 
which is the arch offender, the 
exhaust valve, or the center of 
the piston head. There are two 
valves for each cylinder 66 mm. (2°%% in.) 
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diameter, with a head approximately 5/32 in. thick and a 
45-deg. seat 44 in. wide. 

The end of the valve stem is threaded to carry the 
spring cup and lock nut. Each cylinder barrel and head 
is machined from a forged bar after which the intake and 
exhaust elbows are welded on and finally the pair of 
cylinders are encased in a jacket which is welded from 
three pieces of steel about 1/32-in. thick. The cylinder 
walls themselves are 3 mm. (7/64 in.) thick. <A standard 
two-bolt flange is used for all intake and exhaust port 
connections and has been profile-milled out of steel. The 
flanges are screwed on the cylinders and welded and 
brazed on the intake and exhaust pipes. These cylinders 
have been through a fire as the engine was shot down, 
hence their mottled appearance, but they were originally 
beautifully enameled on the outside. 

The pistons are of cast iron and are the only heavily 
designed pieces in the engine. It certainly seems as 
though these could have been considerably lightened. The 
piston carries three concentric rings which are pinned at 
the ring gap and have a deep annular rib between the 


bosses. The pistons are also unusually short, only 95 
mim. (334 in.) in length. The piston-pin is 38 mm. 
(11% in.) diameter, and has a %%-in. wall and is locked 


with a single set screw and cotter pin. There are eighteen 
11/32-in. holes drilled into the skirt, but these holes must 
have been drilled 
for oiling pur- 
poses, as they do 
not materially 
reduce the 
weight of the 
pistons, which is 
1975 gm. 

The connect- 
ing-rods are of 
the articulated 
type, and _ the 
short rod is al- 
ternately 
arranged from 
right to left cyl- 
inder from the 
front to the back of the 
engine. 

The  connecting-rods 
are made of B. N. D. 
steel, I-beam _ section, 
ft with a flange and web 

2 mm. thick. The flanges 
are 26 mm. (1 3/64 in.) 
| and the web is 34 mm. 
— (1 11/82 in.) wide. In 
the short connecting-rod 
both ends of the rod are 
alike. The length of the 
Ree f 2 rod is 300 mm. (11 13/16 
in.). The rod cap is se- 
cured by means of three 
bolts, two of 11 mm. (7/16 in.) 
diameter and one of 14 mm. 
(9/16 in.) diameter. 

The crankshaft is carried in 
four babbitt-lined bronze shells, 
gf which in turn are secured to ribbed-steel 





diameter. The valve port is 61 mm. - 
(2 13/32 in.). The inlet to the elbow || @& 
is 53 mm. (1 3/32 in.) in diameter. The 
valve stems are both 11 mm. (7/16 in.) 
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bearing caps. 

The bearing caps are locked in the top 
of the case by means of long U-bolts, 
such as are sometimes used on 
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RENAULT ENGINE OILING DIAGRAM 


tomobile spring-saddles. The crankshaft has a diameter of 
60 mm. (2 23/64 in.) throughout with the exception of 
the propeller shaft-end where the diameter is increased 
to 68 mm. (2 43/64 in.). The crankpins and main bear- 
ings are 72144 mm. (2 55/64 in.) long with the exception 
of the propeller-end bearing which is 92-mm. (35% in.) 
long. The shaft is drilled out for lightness, but oil is 
carried from the main bearings by means of thrower 
rings and separate small steel pipes to the connecting- 
rod big-ends. The front end of the crankshaft is splined 
to mount the starting gear and accessory drive. The 
bottom half of the crankcase simply serves as an oil- 
pan and has a screen separating it into two partitions. 
The water-pump is mounted on the front of the engine 
from the bottom half of the crank chamber, and has an 
ingeniously designed double runner with double collect- 
ing chambers. The water is piped to either side of the 
engine; through copper pipes and rubber connections are 
interposed to prevent cracking of joints due to vibra- 
tion. 

The carbureter differs from the Mercedes only in that 
it uses a single float chamber instead of two. Two car- 
bureters are mounted on either side of the engine and 
bolted to either side of the crankcase by means of long 
studs. The intake pipes, which are fastened by means of 
unions to the carbureter, are made of copper tubing 48 
mm. (1 57/64 in.) diameter. 

The carbureter has a pair of primary nozzles and a 
pair of secondary nozzles and an auxiliary air valve, 
which consists of an annular ring mounted concentrically 
with a venturi throat. It would seem that this auxiliary 
air valve was a dangerous construction to go up in the 
air with, as it is very likely to stick. 

The oiling system is extremely simple. Oil is carried 
through cast ducts in the front and rear compartments 
of the crank chamber to the main bearings. It is also 
carried from these ducts through two copper tubes up to 
the overhead camshaft case and passes through the cam- 
shaft case and returns down through the distributing 
gearing case to the oil sump. 

The valve gear is of elaborate, expensive design. The 
main scheme of the construction is to use a light steel 
tube, carried on the studs from the cylinder head, which 
is slotted to take bronze cages that form both the cam- 
shaft bearings and the rocker-arm mountings. The 
rocker arms are arranged to multiply the cam motion 
so that the valve opens 12 mm. (15/32 in.). The cam- 
shafts and the driving shaft are driven through straight 
bevel gears of 1214 mm. (1% in.) face. The inclined 
shafts which drive the camshafts operate at three times 
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camshaft speed. The high speed of these shafts and 
the resultant lowering in torque on them allows their 
weight to be considerably decreased. 

At first sight it would seem that the gearing in the 
Renault engine is a complicated and expensive one, but 
this arrangement turns out to be cheaper and much 
lighter than where a train of spur gears is used for driv- 
ing magnetos and camshafts. The Peugeot Company in- 
troduced the use of spur gears for overhead camshaft 
driving, and this construction has been copied by Sun- 
beam, Wisconsin and Packard. In a twelve or an eight- 
een-cylinder engine the gears necessary with this gear- 
ing arrangement form a maze of complications. The 
Rolls-Royce, Hispano-Suiza, Hall-Scott, and Christofferson 
use bevel gears for driving the camshaft. All these de- 
signs are more or less an imitation of the original Mer- 
cedes. A few of the imitators seem to have grasped the 
importance of operating the auxiliary shaft at high 
speed. 

There are four magnetos mounted on the same axis, 
each pair being driven through a spur gear, which in turn 
meshes with a spur gear which is slidably mounted on a 
splined magneto drive-shaft. The magneto drive-shaft 
terminates at its forward end in the sleeve of a bevel gear, 
and is helically splined into the bevel gear so that when 
longitudinally displaced the shaft is also angularly dis- 
placed. This construction is costly, but is the best one the 
author has seen, since it avoids many connections to mag- 
neto breaker boxes, and also insures a spark of the same 
intensity, regardless of whether the ignition is advanced 
or retarded. 

At the front end of the crankshaft is mounted an 
aluminum six-cylinder air-starting motor, which engages 
the crankshaft by an overrunning clutch. This air-start- 
ing motor has a single inlet, and discharge valve for six 
cylinders, of the rotating disk type. A hand starting 


gear and the starting magneto drive is also built integral 
with this starter. 


THe Benz ENGINE 

In the Kaiser Prize Contest for aviation engines a four- 
cylinder Benz engine, 130 by 180 mm., won first prize, 
developing 103 b.hp. at 1290 r.p.m. The fuel consump- 
tion was 210 gm. per hp. per hr. Total weight of the 
engine was 153 kg. The oil consumption was 0.02 kg. 
per hp. per hr. This engine was afterward expanded into 
a six-cylinder design, and three different sizes were built. 
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The accompanying table gives some of the details of 
weight and horsepower for the Benz engines: 


ESE ee FB FD FF 
Rated horsepower................ 85 100 150 
Horsepower at 1250 r.p.m......... 88 108 150 
Horsepower at 1350 r.p.m......... 95 115 160 
CE Se ce ee 106 116 130 
Stroke, millimeters............... 150 160 180 
Offset of cylinders, millimeters.... 18 20 20 
Gasoline consumption, grams per 

DEUS Cr cay bwaee detec coes 240 230 225 
Oil consumption, grams per b. hp. 

cab ec csc cen es Ses 10 1¢ 10 
Oil capacity, kilograms........... 36 4 415 
Water capacity, liters............. 5, 7%, 914, 


Weight with water and oil but with 
two magnetos, fuel feeder and air 
See 170 

Weight of engines, including water- 
pump, two magnetos, double igni- 


200 245 


SS ee ee 160 190 230 
Weight of exhaust pipe complete, 

ES eee 4 4.8 5, 
Weight of propeller hub, kilograms 3!5 4 4 
Price, including cooling radiator, 

et) ...---10,000 11,500 14,000 
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TWELVE-CYLINDER V-TYPE ENGINE 

The Benz cylinder is a simple, straightforward design 
and is not particularly difficult to manufacture. The cylin- 
der is of cast iron without a water-jacket and includes 
45-deg. angle elbows to the valve ports. The cylinders 
are machined wherever possible, and at other points are 
hand filed and scraped, after which a jacket which is 
pressed in two halves is gas-welded on. The bottom 
and top of the cylinders become water galleries, and by 
this means separate water pipes, with their attendant 
weight and complication, are eliminated. Rubber rings 
held in aluminum clamps serve to connect the cylinders 
together. The cylinder walls are 4 mm. (5/32 in.) thick, 
and the combustion chamber is of cylindrical pancake 
form and is 140 mm. (5% in.) diameter. The valve seats 
are 68 mm. (2 11/16 in.) diameter and the valve port is 
62 mm. (2 29/64 in.) diameter. 

The passage joining the port is 57 mm. (2% in.) in 
diameter. In order to insert the valves into the cylinder 
the valve stem is made with two diameters, and the valve 
has to be cocked to insert it in the guide, which has a 
bronze bushing at its upper end to compensate for the 
smaller valve stem diameter. The valve stem is 14 mm. 
(9/16 in.) in diameter and is reduced at its upper portion 
to 9'5 mm. (% in.). The valves are operated through a 
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CRANKSHAFT AND CRANKCASE, RENAULT ENGINE 


push-rod and rocker-arm construction, which is exceed- 
ingly light. The rocker-arm supports are steel studs with 
enlarged heads to take a double-row ball bearing. A 
roller is mounted at one end of the rocker-arm to impinge 
on the end of the valve stem and the rocker-arm has an 
adjustable globe stud at the other end. The push-rods 
are light steel tubes of 11 mm. (7/16 in.) diameter with 
a wall thickness of *, mm. (1/32 in.) and have a hard- 
ened steel cup at their upper end to engage the rocker 
arm globe stud, and a hardened steel globe at their lower 
end to engage in the roller plunger. 

The Benz camshaft has a diameter of 26 mm. (1 1,32 
in.), and is bored straight through with a diameter of 
18 mm. (23/32 in.). A spiral gear made integral with the 
shaft in about the center of its length drives the oil-pump 
gear. The cam faces are 10 mm. (25/64 in.) wide. 
There is also, in addition to the intake and exhaust cams, 
a set of half compression cams. The shaft is moved 
longitudinally in its bearings by means of an eccentric to 
put these cams into action. At the front end of the 
shaft is a driving gear flange, which is small in diameter 
and thin. The flange is 68 mm. (2 11/16 in.) diameter, 
4 mm. (5/32 in.) thick, and is tapped to take six 6 mm. 
bolts. The total length of the camshaft is 1038 mm. 
(407. in.), and it becomes a gun-boring job to drill a 
hole of this length. 

The camshaft gear is 140 mm. (515 in.) outside diame- 
ter. It has 54 teeth and the gear face is 15 mm. (19/32 
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RENAULT PISTON CONSTRUCTION 


in.). The flange and web have an average thickness 
of 4 mm. (5/32 in.), and the web is drilled full of holes. 
A gear serves to drive the magnetos and tachometer, also 
the air-pump. The shaft is made integral with this gear 
and has an eccentric portion against which the air-pump 
plunger roller impinges. The seven bearing crankshaft 
is finished all over in a beautiful manner and the shaft 
from the particular engine we have shows no signs of 
wear whatever. The crankpins are 55 mm. (2 11/64 in.) 
diameter and 69 mm. (2 23/32 in.) long. Through both 
the crankpin and main bearings is drilled a 28-mm. 
(1 7/64-in.) hole. The crankcheeks are plugged with 
solder and are also built to convey the lubricant to the 
crankpins. At the front end of the crankcheek there is 
pressed on a spur driving gear. Screwed on to the front 
end of the shaft is a piece that forms a bevel water- 
pump driving gear and the starting dog. At the rear 
end of the shaft, very close to the propeller hub mount- 
ing, a double thrust bearing takes the propeller thrust. 
Long-shouldered studs are screwed into the top half 
of the crankcase and pass entirely through the bottom 
half. The case is very stiff and well ribbed. The three 
center-bearing diaphragms have double walls. The cen- 
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ter one serves as a duct through which the water pipe 
passes, and those on either side of the center form the 
carbureter intake air passages and are enlarged in sec- 
tion at one side to take the carbureter barrel throttle. 

The pistons are of cast iron, and carry three concentric 
rings, 4 in. wide, which are pinned at the joint. The 
top of the piston forms the frustum of the cone. The 
pistons are 110 mm. (4 21/64 in.) in length. The lower 
portion of the skirt is machined inside and has a wall 
thickness of 1 mm. (1/32 in.). Riveted to the piston 
head is a conical diaphragm that contacts with the piston 
pin when in place and serves to carry the heat off the 
center of the piston. 

The connecting-rods are tubular and have a four-bolt 
construction on the big end, babbitt-lined bronze bush- 
ings, and are locked in place by bolts that pass through 
the sides of the bushings. The shank of the rod is 32 mm. 
(11% in.) diameter, and is in the form of a tube with the 
wall 1144 mm. (1/16 in.) thick. The connecting-rod bolts 
are 10 mm. or slightly over 34 in. diameter. The piston- 
pin is 30 mm. (1 3/16 in.) diameter and has a 19-mm. 


(34-in.) hole bore straight through. It is retained in 
the piston by a threaded taper pin which screws into the 
piston-pin boss. The end of the piston-pin is slotted so 
that the taper pin expands it and forms a certain reten- 
tion. 

The oil-pump assembly comprises a pair of plunger 
pumps, which draw oil from a separate outside tank. 
Constructed integrally with it is a gear pump which 
delivers the oil under about 60-lb. pressure through a set 
of copper pipes in the base to the crankshaft bearings. 
The plunger oil-pump shows great refinement of detail. 
A worm wheel and two eccentrics are machined up out 
of one piece and serve to operate the plungers. 

This Benz engine is the most attractive from a manu- 
facturing standpoint of any the author has seen, but un- 
fortunately the progress in aviation engine design has 
been so rapid that the design is already obsolete. 
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The mean effective pressures secured in this engine 
were probably never over 108 lb., and some of the Euro 
pean engines are now giving 30 lb. higher mean 
effective pressure than this. In fact, the Benz Company 
has produced a later design with four valves per cylinder 
of the same size, 130 by 180 mm., which gives 225 hp. 
at 1500 r.p.m. No details of this construction are avail- 
able so far as I know. 


SUNBEAM AVIATION ENGINE 


The Sunbeam engine has been developed by Louis 
Coatalen. At the opening of the war the largest size 
was 225 hp., was of the L-head type having a single 
camshaft for operating valves and was an evolution from 
the 12-cylinder racing car the Sunbeam Company had 
previously built. Since 1914 the Sunbeam Company has 
produced engines of six, eight, twelve and eighteen cylin- 
ders of from 150 to 500 hp. with both iron and aluminum 
cylinders. 

For the last two years all the engines have had over- 
head camshafts with a separate shaft for operating the 
intake and exhaust valves. The camshafts are connected 
through to the crankshaft by a train of spur gears, each 
of which is mounted on two double-row ball bearings. 

In the twelve-cylinder, 350-hp. engine, operating at 
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2100 r.p.m., it requires 
about 4 hp. to operate 
the camshafts. This en- 
gine gives 362 hp. at 
2100 r.p.m. and has a 
fuel consumption of 0.51 
Ib. per b.hp. per hp. The 
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It then is pumped by 
| a separate high-pressure 
gear-pump through the 
entire engine. In these 
larger European en- 
gines, castor oil is used 
largely for lubrication. 













cylinders are 110 by 160 
mm. The same design 
has been expanded into 












It is said that without 
the use of castor oil it 
is impossible to hold full 








an 18-cylinder, which 





gives 525 hp. at 2100' & | \ 

r.p.m. =< ar. 
There has also been aos ae 

developed a_ successful T } 


eight-cylinder engine 
rated at 220 hp., which 
has a bore and stroke of 120 and 130 mm., and weighs 
450 lb. This engine is of an aluminum-block construc- 
tion with steel sleeves inserted. Three valves are used, 
one for the inlet and two for the exhaust. One camshaft 
operates the three valves. This is also being produced 
by the Austin Motor Company. ‘ 

The modern Sunbeam engines operate with a mean 
effective pressure of 135 lb. and with a compression ratio 
of 6 to 1 at sea level. The connecting-rods are of the 
articulated type as in the Renault engine, and are very 
short. These engines weigh 2.6 lb. per b. hp., and can go 
through a 100-hr. test without trouble. The lubricating 
system comprises a dry base and oil-pump for drawing 
the oil off from the base, whence it is delivered to the 
filter and cooling system. 














Cross-SECTIONS OF BENZ ENGINE, ON THE RIGHT, 





ASSEMBLY OF BENZ SIX-CYLINDER AVIATION ENGINE 


THROUGH CYLINDER, AND ON THE LEFT, THROUGH CARBURETER 


' power for five hours. 

Curtiss ENGINES 

The Curtiss OX engine 
has eight cylinders, 4-in. 
bore, 5-in. stroke, deliv- 
ers 90 hp. at 1400 r.p.m., 
and weighs 4.17 lb. per 
hp. It has cast-iron cyl- 
inders with monel-metal 
jackets, overhead inclined 
valves operated by two 
rocker-arms, push and pull-rods from the central cam- 
shaft located in the crankcase. The cam and push-rod 
design is extremely ingenious and the whole valve con- 
struction is very light. 

This engine is an evolution from the early type, which 
was used by Glenn Curtiss when he won the Gordon Ben- 
nett Cup at Rheims. 

A slightly larger edition of this type is the OXX, 
which has cylinders 414 by 5 in., delivers 100 hp. at 1400 
r.p.m. and has the same fuel and oil consumption as the 
OX type engine, namely, 0.6 lb. of fuel per b. hp. per hr., 
and 0.03 lb. of lubricating oil per b. hp. per hr. 

The Curtiss Company has developed in the last two 
years a larger size engine now known as the V-2, which 
was originally rated at 160 hp., and which has since 
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been improved so that it gives 220 hp. at 1400 r.p.m., with 
a fuel consumption of 0.52 lb. per b. hp. per hr. and an 
oil consumption of 0.03 lb. per b. hp. per hr. This 
larger engine has a weight of 3.45 lb. per hp. and is said 
to be giving satisfactory service. It has drawn steel 
cylinders with a steel water-jacket top and a monel-metal 
cylindrical jacket, both of which are brazed on to the 
cylinder barrel itself. 
—S 
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BENZ PISTON AND CONNECTING-ROD CONSTRUCTION 





30th these engines use side-by-side connecting-rods and 
fully foreed lubrication. The camshafts act as a gallery 
from which the oil is distributed to the camshaft bear- 
ings, the crankshaft bearings, and the gearing. Here 
again we find extremely short rods, which, as before 
mentioned, enable the height and the consequent weight 
of construction to be much reduced. For ordinary flying 
at altitudes of five to six thousand feet, the engines are 
sent out with an aluminum liner, bolted between the 
cylinder and the crankcase in order to give a compres- 
sion ratio that does not result in preignition at a low 
altitude. For high flying, however, these aluminum liners 
are taken out and the compression volume is decreased to 
about 18.6 per cent of the total volume. 

The V-2 Curtiss engine has been built in a twelve- 
cylinder design which gives 350 hp. at about 1600 r.p.m. 
Glenn Curtiss mounted one of these engines in a hydro- 
plane boat and obtained a phenomenal speed of 66 
m.p.h. The Curtiss Company is arranging to turn out 
1500 planes a month at its various plants, which gives 
some idea of the progress that is being made in getting 
out the quantity of airplanes. 


AustTRO-DAIMLER ENGINE 
One of the first successful flying engines developed in 
Europe is the Austro-Daimler, which was built after the 


designs of Herr Porsche. The first of these had four 
cylinders, 120 by 140 mm. bore and stroke, with cast- 
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iron cylinders, overhead valves operated by means of a 
single rocker-arm, controlled by two cams. The valves 
were closed by a single-leaf spring which oscillated with 
the rocker-arm. The cylinders were cast singly, and had 
either copper or steel jackets applied to them. 

The four-cylinder design was afterward expanded into 
the six-cylinder design and still later a six-cylinder en- 
gine of 130 by 175 mm. was developed. 

The rights to construct this engine in Great Britain 
and the Colonies were secured by William Beardmore & 
Son, of Glasgow, Scotland. The engine is also being built 
by T. C. Pullinger and Arrol Johnston of Dumfries, 
Scotland. This engine has an offset crankshaft. In my 
estimation the intake pipe and carbureter arrangement 
on this are the best of any of the aviation engines. 

The lubrication also is different from any other avia- 
tion engine, since individual high pressure metering 
pumps are used to deliver fresh oil only to the bearings 
and cylinders, as was the custom in automobile practice 
some ten years ago. 


EFrrect OF OrrseT CYLINDERS 


Two of the engines described, the Benz and Austro- 
Daimler, have the offset crankshaft construction. This 
has for a long time been common in German and Belgian 
construction. Offsetting the crank has two effects, one 
to decrease the guide pressure of the piston and cylinder, 
and the other (which is purely a secondary effect) to 
lengthen the stroke of the piston as the offset is increased 
with any given crankpin circle. I have drawn four fig- 
ures to show the effect of offsetting. Normal construc- 
tion is shown at (a), Fig. 2. There is no offset and the 
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AvustTrRO DAIMLER AVIATION ENGINES, LEFT HAND, 


connecting-rod length is 214 times the stroke. To the 
left of the cylinder is shown graphically the inertia and 
gas pressure diagrams. To the right of the cylinder is 
shown the guide pressure diagram for four phases of the 
cycle. 

(b) shows similar diagrams for offset equal to 
the stroke. The guide pressure is materially reduced on 
the expansion stroke. 

(c) shows an abnormal amount of offset, being equal 
to half the stroke. The guide pressure becomes consid- 
erably greater than in a normal engine and suffers severe 
variations during the four strokes of the cycle. 


Sizes oF ENGINES REQUIRED 


It begins to be more and more apparent that engines 
of less than 200 hp. have only a limited field. 

Even in the small high-speed scouting machines which 
fly at from 125 to 140 m.p.h. it has been found necessary 
to use upward of 300 hp. This does not mean that they 
actually have 300 hp. at the altitude at which they usually 
fly, but only a fraction of this. The major problem which 
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Fic. 1—PRESSURE DIAGRAMS FOR OFFSET CRANKSHAFT 


S1x-CYLINDER AND RIGHT HAND, FouR-CYLINDEI 


is at present confronting aviation engine designers is to 
compensate for the decreased weight charge at the higher 
altitudes. The enormous drop in temperature experienced 
when rising to heights of from sixteen to twenty thou- 
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sand feet also introduces serious carbureter difficulties. 
It is almost impossible to simulate on a test block the con- 
ditions imposed on an aviation engine when in the air. 
In Fig. 3 is shown the variation of temperature with 
the altitude up to approximately seventeen thousand feet. 
The data for these curves were obtained by the British 
Royal Flying Corps. When an engine in the course of 
ten minutes’ operation has to pass through the whole 
range of temperatures experienced from summer to win- 
ter, difficulties of no mean order will be encountered. 

The enormous loss in density of air occurs with the 
rising altitude, as is shown in Fig. 4, which is based 
on a standard density of air at 760 mm. pressure with 
a temperature of 16 deg. cent. The weight of air at this 
standard reading is 1.221 per cu. m. 

In Fig. 5 is shown the variation of speed of the plane 
and the engine with increasing altitude. The speed of 
the plane does not fall off quite so fast as the engine 
speed. This is die to the increasing propeller efficiency 
as the speed decreases from 1300 to 1150 r.p.m. 

Fig. 6 shows compression variation with the altitude 
necessary to compensate for the decrease in density of the 
air. It will be observed that starting with the compres- 
sion ratio of five to one at sea level, it becomes necessary 
to have a compression ratio of nine to one at eighteen 
thousand feet. 
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20 : there was no question of price at all if an engine would 
| deliver the goods. A great deal has been done toward 
18 securing high horsepower-weight efficiency by means of 
lightening the various parts of the engine, and I feel cer- 
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What we need immediately in America is a large num- 
ber of training planes, but we also will have to have battle 
planes driven by engines that are not equal to, but su- 
perior to those possessed by the enemy. The real danger 
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is that the evolution of our engineering will not be fast 
enough. We have not as yet enough clever minds en- 
gaged in these channels and we have not had stimulus 
for this sort of work. We have always had, continually 
in the past, that specter, cost, staring us in the face. 

A lieutenant in the British Flying Corps has said that 


tain that in a great many particulars this line of thought 
has reached its limit. 

The really important thing about aeronautic engines 
from now on is going to be the number of cubic feet of 
mixture per minute that they can handle. In connec- 
tion with four-stroke cycle engines this points out the 
necessity of using relatively high speeds. The mean ef- 
fective pressure arrived at in the Sunbeam engines is 
within 15 per cent of the theoretical maximum that is 
possible, and while there may be some improvement se- 
cured in the future in the matter of horsepower-weight 
efficiency by further refinement in the mechanical con- 
struction, I believe that it is now necessary to make some 
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change in the cycle of operation. This should be a splen- 
did opportunity to try out super-compression and super- 
charging schemes of one sort or another. Possibly the 
two-stroke cycle engine, with its maze of new problems, 
stands as an opportunity. 
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Valuation of Engine Performance 


By Orro M. Burxunarpt* (Member of the Society) 


N his interesting paper on Aircraft and Motor-Car 
| Encine Design, read before the Aeronatical Society 

of Great Britain, Louis Coatalen proposes that the 
horsepower per unit capacity obtained from any given 
engine be taken as the standard for comparing the dif- 
ferent “duties” of engines. 

In the discussion that followed the reading of the above 
mentioned paper Dendy Marshall suggested the revised 
formula to determine the brake horsepower of any given 
four-stroke cycle engine 


(1) 


In which 

d = diameter. 

s = stroke. 

n = number of cylinders. 

N = revolution per minute. 

C = 7500, if dimensions are in inches. 

C = 123,000,000, if dimensions are in millimeters. 

The horsepower obtained with this formula may with 
advantage be considered as a standard value. 

The horsepower developed by any four-stroke cycle en- 
gine at a crankshaft speed of N revolutions per minute 
when divided by the number of horsepower obtained with 
(1) for the same number of revolutions gives as a quo- 
tient a certain relative number 1, which may be either 
smaller or larger than unity, according to the per- 
formance of the engine. Mathematically expressed, this 
would read: 





os Hp _ CH Pp 
1” &enN a@snN (2) 
~ ¢ 


However, the performance of an engine can not be 
definitely expressed unless adequate attention is paid to 
the specific fuel consumption. It is therefore desirable to 
incorporate the fuel efficiency in (2) in such a manner 
that the expanded equation represents a merit figure that 
gives adequate credit for the horsepower performance 
and also imposes due punishment for the fuel consumed. 
To obtain this object we may reason as follows: 

An engine using G kg. per hr. of fuel must have 
used k * G kg. of air during the same time, if k repre- 
sents the mixture ratio of air to fuel by weight. The 
engine therefore must have pumped a total amount of 
mixture of k* G+ G=G (k+1) kg. per hr. 

Now 1 kg. of dry air at 760 mm. Hg. and at 0 deg. cent. 
occupies 0.7733 cu. m., while I kg. of fuel C,H,, occupies, 
according to the law of Avogadro, 22.4/86 = 0.2605 
cu.m. A mixture ratio of 15 to 1 is theoretically neces- 
sary for perfect combustion of light hydrocarbons, and 
also represents a mean value of the various mixture 
ratios actually used in practice, so that we have 15 
0.7733 = 11.6 cu. m. 

This air is mixed with 0.2605 cu. m. of fuel. The fuel 
occupies under these circumstances 2.2 per cent of the 
total volume pumped by the engine and this 2.2 per 
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cent of the volume may, for reason of simplicity, be neg- 
lected. This permits us to say that an engine using G 
kg. fuel with a mixture ratio k pumps 
V = 0.7733 & k & G eu. m. per hr. (3) 
Now the pumping capacity of a four-stroke cycle en- 
gine with a volumetric efficiency of 100 per cent is 


0.7854 a snQN .. 


Va = 6X - 23 10 li. per hr. 
or 
Vm = 0.2356 & sn N & 10° cu. m. per hr. (4) 
The volumetric efficiency then evidently is 
V - 0.7733 k G 
Vn" 023856dsnN 10° 
or 
ne = 82.8 X 10° (5) 
“ i d’snN . 


Let +; represent the efficiency derived from the brake 
horsepower and the fuel consumed. This is called the 
fuel efficiency. If G represents the fuel consumption in 
kilograms per hour and the lower heat value of the fuel 
is taken as 44,000 B.t.u. per kg. we find that 

Hp 33,000 « 60 — |. 
= Gx 44,000 x 778 ~ P78 
From this equation follows 


(6) 


Hp 
nf 

If we substitute this value for G in (5) we obtain the 
volumetric efficiency as a function of the horsepower, 
namely 


G = 0.0578 


k < 0.0578 2? 
a 
» = 32.8 « 10 — 
i . dsnN 
We may transform this to read 
kx Hp 
Ne X Hy 1.9 < 10° - 7 
" " snN Ct) 


The latter equation is useful for comparing different 
engines if the mixture ratio k is known. 
is generally not the case. 

To make (7) useful we must express k as a function 
of some known value. To accomplish this we must first 
study in what manner the mixture ratio effects the per- 
formance of an engine. It is known that while an en- 
gine may draw in air and gasoline in theoretically cor- 
rect proportion it cannot be expected that complete com- 
bustion will be obtained. To reduce the amount of free 
oxygen and carbon monoxide in the exhaust gases it is 
often found necessary to use mixture ratios of 18 to 1. 
This can only be done successfully for well designed en- 
gines. An engine with poorly designed intake-manifold 
and combustion space, wrongly located spark-plugs, will 
show delayed combustion with lean mixtures. Clerk points 
out that “if by some fault in the engine or ignition ar- 
rangement the inflammation is a gradual one, then the 
maximum pressure is attained at the wrong end of the 
cylinder and great loss of power results.” To secure 


This, however, 
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CYLINDER 
Make -_ : Sees _| Number of Hp. R.P.M. Fuel, Grams nf nv mW Xi" 
| Cylinders | per Hp. Hr. 
Diameter | Stroke 
Sunbeam ‘ 110 160 12 362.0 2100 207.0 0.279 0.912 | 0.254 
Benz... : 130 | 180 4 | 101.2 1288 211.5 0.273 0.795 0.217 
Daimler 105 140 6 88.9 1387 229.0 0.252 0.852 0.215 
Daimler ‘ 120 140 4 70.4 | 1343 225.5 0.256 0.800 0.205 
Daimler ‘ 110 | 140 4 60.8 1396 224.5 0.257 0.791 0.203 
N.A.G.. < 135 | 160 4 | 95.6 1344 217.6 0.2655 0.751 0.199 
Daimler. . : : 140 } 150 4 | 99.1 1373 221.5 0.261 0.755 0.197 
Daimler 120 140 4 71.3 1412 227.0 0.2545 0.770 0.196 
Daimler. . 120 140 6 } 103.0 1315 236.8 0.244 0.797 0.195 
Benz..... ; : 130 180 6 167.5 1500 227.0 0.2546 0.752 0.192 
Argus aie 140 140 4 96.6 1368 239.5 0.241 0.859 0.191 
Daimler ‘ : 120 140 4 66.3 1391 223.7 0.2585 0.728 0.188 
Mulag.... 110 170 6 101.7 1346 237.0 0.244 0.753 0.184 
Argus... : ; 125 130 4 71.0 1342 263.5 0.219 0.802 0.176 
N.A.G.. gadog : 120 120 4 55.8 1408 232.3 0.249 0.705 0.175 
Argus. ... } ‘ 125 130 6 | 102.0 | 1370 262.8 0.220 0.752 0.165 
Schroeter vn wie rani eRe 124 | 160 6 88.7 | 1252 278.5 0.2075 0.592 | 0.122 
COMMERCIAL VEHICLE ENGINES 
CYLINDER | 
Make Number of Hp. R.P.M. Fuel, Grams nf Vv mv XN 
Cylinders per Hp.-Hr. 
Diameter Stroke 
Dorman 111 140 4 24.7 700 266 0.217 0.630 0.137 
Dorman 111 140 4 32.0 900 251 0.230 | 0.633 0.146 
Dorman 111 140 4 38.0 1100 239 0.242 | 0.615 0.149 
Dorman 111 140 4 42.5 1300 236.5 } 0.244 } 0.582 0.142 
Dorman 111 140 4 45.0 1500 244 0.237 0.534 0.127 
Tylor 127 152.4 4 35.5 700 259 0.223 } 0.635 0.141 
Tylor 127 152.4 4 44.5 900 247 0.234 | 0.620 0.144 
Tylor 127 152.4 4 52.0 1100 237 0.244 } 0.593 0.144 
Tylor 127 152.4 4 57.6 1300 233 0.248 | 0.555 0.137 
Tylor 127 152.4 4 60.2 1500 239 0.242 } 0.502 | 0.121 
PASSENGER VEHICLE ENGINES 

3 Pierce-Arrow 114.3 139.6 6 47.5 800 311.4 0.1855 0.668 | 0.124 
5 Pierce-Arrow 114.3 139.6 6 70.8 1200 273.5 0.2114 0.662 } 0.140 
© Pierce-Arrow 114.3 139.6 6 90.2 1600 269.5 0.2145 0.634 0.136 
 Pierce-Arrow 114.3 139.6 6 104.0 2000 280.5 0.2160 0.585 0.120 


maximum power output with the latter class of engines it 
is somtimes necessary to use mixtures as rich as in pro- 
portion 12 to 1. Doctor Watson has found* that maxi- 


creases as the mixture ratio decreases. If we now sub- 
stitute the latter value for k in (7) we obtain 


ete reo 
mum power is developed with an air-to-gas ratio of about Me X nf = 1.9 10 G < Hp 
12 to 1, while maximum thermal efficiency occurs with a - 
ratio of about 17 to 1. Professor Riedler uses a diagram dsnN 
from Neumann, which also shows that gasoline-air mix- nad 71 10° He’ 
tures under compression insure a maximum flame propa- ne X nine tts 2 ib “4 (9) 
gation, if 80 per cent only of the theoretically correct asnNG 


amount of air is used. Rich mixtures must involve a 
waste of fuel, so that the fuel consumption per horse- 
power per hour must increase as the mixture ratio de- 


If the bore and stroke are given in inches and the fuel 
consumption in pounds, the equation reads 


953 Hp* 

creases. se qe X Af Fiance (9a) 

Exhaustive research work along this line has revealed “is ; 
that k is about proportional to the horsepower output It is interesting to note that (9) may also be obtained 

and inversely proportional to the fuel consumed. Mathe- y simply multiplying together (2) and (6). 
matically expressed this would read Equation (9) has been applied to a series of engines 
. of which the performance data have been published. The 
a Hp accompanying compilation proves that the formula gives 

G 


adequate credit for the horsepower developed and that it 
The constant c has been found to be about 3.74; sub- also imposes due punishment for the fuel consumed. This 


stituting this in the equation for k we obtain shows up particularly well in the engines for commercial 

‘ vehicles. For instance, the Dorman engine has a maxi- 
374 Hp or: kX G= 3.14 Hp (g) mum horsepower performance-value 7 (max. torque) at 
o. G . I - . 


900 r.p.m. and a maximum fuel efficiency value at 1300 
' r.p.m. The maximum value for y, ns occurs at 1100 
The hyperbolic curve gives a graphical represen- 1m. indicating that considering everything the engine 
tation of (8). It shows how the fuel consumption in- ;, doing its best at this speed. 
Note :—The writer is indebted to H. Kerr Thomas, of the Pierce 


. y _ Arrow Motor Car Company, for having given the first incentive to 
*Proceedings I. A. E., Vol. III, p. 405 this analysis. 
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One of the Original Flights of the Wright Airplane at Kitty Hawk, N. C. 


Aeronautics in the Future 


Being the 


FirrH Witspur Wricut MerMorIAL LECTURE 


twelve years of his life to unrecognized toil and 

now, after a further ten years, is fully acknowl- 
edged as a far-seeing and sane experimenter. We are 
proud that he was a member of this, the earliest of all 
aeronautical societies of the world, and we hope to carry 
to yet greater things the consequences of his great 
achievement. To do this we must now and then look 
ahead. 

Aeronautical engineers have lived for many years on a 
diet of hope, exercising their imagination and stimulating 
others to look ahead; hence they can realize with excep- 
tional clarity how foresight may become dormant in busy 
men and so be led back to ask themselves, ‘““Now that we 
are busy, are we as wide awake as we were?” “Do we 
now pause to look ten years ahead as we used to do?” 
I believe that until recently the answer from the aero- 
nautical world at large was “No.” 

Our aeronautical world includes both the Air Services 
and also financial persons as well as civilian engineers. 

In the Services the routine of life calls mainly for the 
very different mental effort of rapid decision. Yet this 
is not a diametrical opposite, for these decisions will be 
unsound if there has not been thinking in anticipation, 


W trreive WRIGHT, the man of foresight, gave 





From address delivered before the Aeronautical Society of 
Great Britain. 


By Lieut.-Cot. Mervyn O’Gorman, C. B. (Non-Member) 


Illustrated by PuoroGRaPH 


and in war we see how the higher commands are pitched 
into the “foreseeing business.” The military organizer 
must be among the prophets and not least in the matter 
of the purchases to determine on. 

The financier should be par excellence a seer. He deals 
in credit and in confidence. He should be clear-sighted 
enough to know when to take a risk. Those who think 
he would be more useful if he were gullible are deeply 
wrong; that would be disastrous. What we wanted both 
from him and from the purchaser in the days of our 
struggles was foresight. The proof that it was lacking 
is that aeronautics unquestionably found money and or- 
ders too hard to get in the past. This, on the one hand, 
arose from the fact (which has in other ways been of 
priceless service to us in the war) that our banks are 
mainly engaged in deposit banking, rather than in taking 
part share in developing newly fledged industries, after 
the style of the industrial banks abroad; while, on the 
other, the Services, who were the purchasers, were and 
are tied to peculiar Parliamentary adjunct. 

This adjunct is another kind of financial person from 
that first indicated. Aeronautics, military and naval, has 
been and will be closely concerned with them. These are 
not courageous “gentlemen adventurers,” to use the old 
phrase; they themselves would say they are the antithesis 
thereof. Anyhow, the country’s money is not entrusted 
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to financiers in the usual sense—a name for those who 
weigh a risk against a profit and take both. Rather is 
it in the hands of anti-spending organisms with an aston- 
ishing aptitude for evading money risk. In the wider 
world it is axiomatic that no progress can be made with- 
out venturing forth, but we have had no State Depart- 
ment instructed so to venture; indeed, it is almost incom- 
patible with the strict annual accountability exacted from 
army spending departments in most democracies. 

One could quote a luminous address delivered to the 
Staff College by Sir Charles Harris, K.C.B., the head of 
all army thrift for 25 years, to show that to succeed 
in not spending is the gage of effectiveness for such a 
branch, provided the army is carried on for the year 
under review. In view of the object for which it is in- 
stituted he must be right. This, of course, is a different 
thing from financing a development. 

For British aeronautics today carry just such an im- 
press of primitive struggles and mistakes, and the ques- 
tion arises whether we can learn and whether we are 
now unwittingly, as we were then unwittingly, misguided 
by prejudices, our own and others? A point of view is 
prejudiced when it is held with a tenacity which is in 
excess of that warranted by the evidence. 


Presupices Ruuinc Topay 


I suggest that there is a prejudice in the matter of a 
low price for labor; it is also held that destroying goods 
is in the interest of trade and good for securing wages 
to labor. It is a common prejudice to believe that if one 
firm makes a splendid scientific step and thrives accord- 
ingly, that it is bad for others in the same trade. British 
airships—the 40-hour air scouts for the fleet-—were killed 
by public prejudice. There is possibly more prejudice 
than proof at the root of our neglect to found any hopes 
on soaring flight. The wind tunnel and its priceless con- 
tributions to flight have been decried from prejudice— 
not proof. The method of trial and error called rule of 
thumb has been set up as the antagonist to studied 
design on similar grounds. I believe every exponent of 
this antagonism is an opponent of progress. 

There are prejudices against stability, and against the 
use of factors of strength in aircraft design, and against 
the possibility of combining controllability with stability. 
[ am told that there are still prejudices against big 
airplanes and on the subject of the best number of engines 
to install. Among the notable prejudices of the war is 
one which declares that German aircraft were and are 
better than ours on the average, class for class, and that 
the exceptional German aircraft was better than the ex- 
ceptional British. There have been astonishing preju- 
dices as to the efficacy of certain bomb-sights and the 
utility of thin armor. 

There is a wide class of prejudice fostered by catch 
words, generally detached from their qualifying context 
—the “inevitable survival of the fittest” is the common 
example. Thus “competition is good for trade,’’ when 
unqualified, is a dangerous prejudice of which I hope to 
give an example later. In technical studies there is a 
widespread prejudice against “overlapping.” I regard 
“overlapping” as the useful free and independent study 
of the same subject by different intelligencies. Overlap- 
ping research is the root of some of the finest engineering 
advances in industrial life, and of the finest scientific 
progress, as well as one of the chief excuses for the state- 
ment that “competition is good for trade.” The word 
“fog” is in danger of becoming a catchword for prejudice 
against aeronautical development. 

I have been told of the existence of prejudice against 


gravity-controlled air-speed indicators and against a cer- 
tain oval-sectioned airplane wire. I believe there is a 
prejudice against the use of instruments when teaching 
flying, and run the risk of being called prejudiced for 
saying so. There was a prejudice against the registra- 
tion of private motor cars, and there is danger of one 
as regards airplanes. I am told that there are even 
prejudices in Parliament—that is to say, conviction in 
excess of proof—against particular kinds of airplanes. 
The yokel remarked as he ground his heel into a useful 
little creature who could not answer back: “I'll l’arn 
ye to be a toad!” I have seen similar prejudice against 
other unoffending workers. None of these things are 
good for progress. There are outside of this Society, 
and perhaps within it, also, prejudices on the subject of 
vertical-rising flying machines, and I think there have 
been recent prejudices on the subject of dope, shock tests 
for steel, the use of welding, etc. 

I hope that these few suggestions, even if some of 
them are wrong, will be taken in good part, for the 
sake of the moral. For if anyone, and still more if sev- 
eral, of these convictions were erroneous and were to 
be held to be certainly correct, we should be led to the 
definite avoidance of a particular line of construction, 
or performance, or study, and to the adoption of its oppo- 
site number. For a brief moment this flush of popularity 
would benefit the happy enthusiast whose choice was 
selected, even if he were mistaken, but the kink taken by 
British aeronautics would react to his and everybody’s 
eventual detriment. 


Lack of Coordination 


We may say that so long as no preponderating preju- 
dice leads us all together in the same wrong direction, 
these prejudices only operate as the varied enthusiasms 
which make for the more thorough exploration of some 
corner of our immense field of inquiry and at the cost 
of some little delay give rise to a very definite new knowl- 
edge and certainty. However, it would be a grave lack 
of foresight not to remember that we are relying upon 
the mere chance that the lack of interdependence among 
individuals will save us. When prejudices are rife we 
are staking our safety on the survival of our own “cussed- 
ness”—a very slender safeguard against the “all together” 
tendency which every socially united community is more 
and more drawn to, the more in proportion as it is more 
closely knit and organized. 

The remedy, the insurance against this risk, is pro- 
vided in the existence of the individual constructor health- 
ily overlapping in his studies those of his friends and 
rivals, and in the free discussions which our Society pro- 
vides, with occasions for now and then taking stock of 
our position, past and present, with a broad philosophic 
mind. 

I would venture on one example now sufficiently far 
back in date to be quoted without raising any feeling— 
of a dangerous run of prejudice from which we have es- 
caped only with pain. I allude to the time when almost 
the whole British airplane industry centered its efforts on 
the monoplane, when it was as possible then, as it is now, 
to see that the girder structure of the biplane lent to it 
specific advantages for at least some types of aircraft. 
It was a rude shock when this monomania, or monoplane 
mania, was brought to a standstill. One of the evils of 
this is possibly the reaction which set in and enabled Mr. 
Besnard, the French Air Minister, to say lately with ap- 
parent satisfaction that he had not got a single mono- 
plane, yet I doubt if he has seen, and certainly I have not 
yet heard of, any technical study which has established 
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that this compact type of machine has not still got many 
useful fields. 

A danger nearly as great threatened French aeronau- 
tics over the big multi-engined machine as lately as within 
the war period. They almost stayed all other advances 
in favor of these large aircraft. Our industry having in 
each country a sole purchaser, the Government, suffers 
the risk of an “all together” prejudice more greatly than 
ever did the automobile or shipbuilding industries with 
their various outlets, demands, and supplies of funds. 

Neither of these runs of prejudice actually brought the 
trade to a standstill, but we have herein a lesson which 
some of those, and they are very numerous, in socialistic 
centers who believe in the exclusive State control of 
all capital and industry might usefully take to heart. 


Future or COMMERCIAL AERONAUTICS 


This brings us to the great future in which the aero- 
nautical industry will have the benefit of totally inde- 
pendent purchasers—commercial aeronautics. Commer- 
cial aeronautics is clearly one of the subjects to which 
I have alluded as requiring foresight, technical, political 
and financial. Broadly, the objective is simple, in detail 
it is very complex. This at once suggests analysis as a 
help toward foresight. Commercial aeronautics can be 
divided into three parts: 

(a) The home or internal aspect. 

(b) The foreign or international aspect. 

(ec) The Imperial and Colonial aspect. 

The internal British question can be resolved into five 
separate subject-matters for study, and as each of these 
has subheads, I tabulate as follows, drawing attention to 
the two main heads—(1) the production, and (2) the 
utilization (or “aerial transit”) problems, corresponding 
roughly to supply and demand. 

It is best not to discuss these heads till we have also 
analyzed the international and Colonial questions into 
subheads. It will be found that the profitable use of air- 
craft is based on speed, and that as speed of transit in- 
cludes door-to-door movements, if there are, as we see at 
present, considerable terminal time losses, the longer the 
distance over which aerial work is conducted the less sig- 
nificant are the “terminal charges” upon our time of 
transit. This merit introduces, for a small country, the 
advisability of studying flight beyond its borders, and for 
an island the consideration that shipping is slow com- 
pared to the railroad or automobile. Therefore interna- 
tional flying will come up early in our development of 
aerial transit, and may be expected to concern movements 
over the sea, not necessarily in seaplanes. 

But we cannot go abroad without our tickets, our cir- 
culay notes and passport, so that we cannot fly over an- 
other country without making arrangements. These ar- 
rangements will be easily made if there is a body of 
opinion abroad which is favorable, which recognizes that 
it will not get landing rights in British possessions unless 
British aircraft have landing rights on foreign soil. 
One of many ways of securing such a body of opinion 
favorable to aerial transportation in the prize lands them- 
selves is to institute industrial links between our own 
constructors and foreign constructors, whether as “‘suc- 
cursales” or joint firms, or shareholders, or agents. I 
therefore put these first and tabulate five subheads. 

If we develop our aircraft making and using properly 
we shall be the first to wish that other countries may be 
equipped with “aerial ways” (lines of landing grounds), 
aerodromes at big centers of industry, finance or pleas- 
ure. Moreover, we want to find elsewhere not only the 
maps, but also most of the safety provisions desirable at 
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home. All these things will be fostered by the energies 
of societies like the Aeronautical Society and the Society 
of British Aircraft Constructors, which we should like 
to find abroad and enter into relations with. At present 
they are not nearly as active abroad as at home. They 
might be fostered not only officially, but rather through 
the intermediary of our industrially linked firms, 
whether for construction or transit. 

One of the important matters for consideration is the 
avoidance of cutthroat competition at a time when it is 
always difficult to insure a remunerative investment with 
any certainty. This involves the inter-State provision 
of what may be termed limited monopoly for certain serv- 
ices at least, until the businesses are well launched and 
till statistics exist in which insurance operations can be 
satisfactorily based. Firms can be trusted to make their 
own value felt by the Post Office and by passengers whom 
they desire to attract, but they are defenceless against 
one another if as soon as one energetic individual has 
initiated an enterprise the value of his strenuous work is 
to be poached upon by irresponsible persons (who may, 
it is true, ruin themselves undeplored), but who may drag 
into a like ruin those whose industry and courage founded 
the whole scheme. The Government should step in here 
in the interest of maintaining what it must maintain, a 
large, successful and enterprising industry. 

It may here be worth while to say why the country 
must do this. It is a matter of economy. The air fleet 
differs materially from the sea fleet in being more rap- 
idly expendible. No one would dream of rebuilding the 
British fleet six or eight times per year of war. Yet the 
air fleet requires at least this. Thus the airplane occu- 
pies an exciting position halfway between a battleship 
and acartridge. To decide on having an air fleet for war 
is synonymous with having an aircraft industry in peace 
competent to produce some eight air fleets per annum 
when called upon. 


Commercial and Postal Uses of Aircraft 


As we have recently had a suggestive paper on air- 
plane transport, giving rough costs on a certain route, I 
will not dwell on it save to recall the existence of the air- 
ship and to touch on one matter which I raised in the 
discussion, and to what Lord Cowdray also addressed 
some remarks. I allude to the danger of the hiatus which 
might occur between the war demand and the peace 
demand. There appears here all the value that attaches 
to promptness in giving, and all the difficulties that attach 
to the exercise of foresight. 

In another sphere we know, that to secure the return 
of soldiers to the land, a parliamentary commission has 
already recommended that immediately on the declaration 
of peace 20,000 cottages shall be built at or near the land 
they are to till, thus utilizing the building skill now in 
the ranks and starting the homes for our men on the 
land. So far as the housing of workpeople near centers 
of aircraft production is concerned, this may be said to 
have been largely provided during the war; what has not 
been foreseen even on paper with a like definiteness is 
the absorbing of our aircraft output and the incidentals 
thereto. The financing and laying out of the specific 
postal routes, the location of the mechanics, repair men 
and tuners at the ports of departure and arrival, the 
housing of aerodrome officials, groundmen, accountancy 
clerks, the automobile service from town to aerodrome, 
the purchase of land and the establishment of title, the 
preparation of lists of flyers who may desire to find occu- 
pation at once instead of losing their skill by many 
months’ inactivity, the preparation of such drawings as 
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may quickly allow of adapting war aircraft designs to 
their new uses, and the designing of such new weight 
carriers as may be more suitable to transport work; 
some or all of these things are needed if the industrial 
organization of the factories is not to crumble during a 
long hiatus. Six months of idleness will disrupt any 
factory organization, and will lead to the paying off of 
workpeople and their consequent suffering and discon- 
tent. This six months of idleness must not occur. 

It must be admitted frankly that the preparation of 
such schemes is not only laborious, but dishearteningly 
dependent on circumstances beyond the control of the or- 
ganizer. Still, just as in peace time we work out com- 
plete plans for war condition which might arise, so in 
war time we do paper work for peace conditions, even if 
some of that paper work is wasted. 

We have had one skeleton scheme to awaken the imagi- 
nation, but we must have many to save the situation. We 
are confronted with the position that the mere housing 
of one month’s output of the aircraft builders together 
with the returned war stocks, as soon as the rapid wast- 
age ceases, is a matter of intense difficulty. Thus we are 
led to formulate the desire that sales of military aircraft 
to foreign countries, colonies, private users, exploitation 
companies at home and abroad shall be as prompt as they 
can possibly be made by every exercise of forethought. 
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the French one which calls “la prudence, la plus triste 
des vertus,” yet all administrations revel perforce in the 
gloomy business. They are egged on, in England particu- 
larly I think, by the “grandmother in the street,” who 
unsparingly scourges as Government negligence any tol- 
erance extended to venturesome enterprise. The example 
is to our hand. No car can be sold that cannot break 
the law, no user exists who does not break it, but the 
law remains at 20 m.p.h.—lest there should be accidents 
and our parliamentarians would be beaten with scorpions. 
We must stand by and pray that a more reasonable 
scientific and liberal spirit may infuse our safety code 
and our Board of Trade regulations when they appear. 


Education of Personnel 


Technical education is, as we all know, one of the main 
activities of such an institution of aircraft engineers as 
our society represents, whether we act directly by lec- 
tures and degrees or indirectly by premiums and scholar- 
ships and by effectively driving home the question of cor- 
respondence schools, technical classes and university 
studies. The limit of this class of activity is for us the 
limit of this growing society’s membership and funds. 
The training of pilots was the subject of General Branck- 
er’s opening lecture this session, and both the Army and 
Navy have been very liberal in allowing officers to give 


TABLE A—ANALYSIS OF SUBJECTS ENTERING INTO INTERNAL BRITISH AERONAUTICS 


The Uses of Aircraft. 


(a) Transit of goods. 

(b) Transit of letters. 

(c) Transit of persons. 

(d) Labor of transit 
service. 

(e) Finance of trans- 
erial companies. 

(f) Government sub. 
vention of aerial 
transport. 

(g) Private, sporting, 
and domestic use. 

(hk) Scientific use, sur- 
veys, etc. 


The Safety Provision. 


(a) Aerial routes, lines 
of landing grounds, 
maps. 

(b) Night flying, land- 
ing. 

(c) Aerology, meteo- 
rology. 

(d) Wireless communi- 
cation of distress, or- 
ders, signals of direc- 
tions. 

(e) Labor of ground 
upkeep, etc. 

(f) Subvention of saf- 
ety precautions and 


Education of Personnel. 


(a) Designers, engi- 
neers. 

(6) Flyers, navigators. 

(c) Military call on fly- 
ers. 

(d) Polytechnic and 
correspondence 
schools for labor. 

(e) Subvention of edu- 
cation, 

(f) Collation of data, 
research. 

(g) Inventions. 

(h) Consular trade in- 
formation, etc. 


Production of Aircraft. 


(a) Best employment 
of existing factory 
organization. 

(b) Finance and sub- 
sidies to makers. 

(c) Military and naval 
requirements, 

(d) Publicity and “load 
curve orders.” 

(e) Utilization of over- 
plus of military and 
naval war orders. 

(f) Supply of aircraft 
to foreign govern- 
ments and colonies. 


Labor. 


General Question. 

(a) Skilled and un- 
skilled. 

(b) Male and female, 
including military, 
wounded, pension- 
ed, etc. 


grounds. 

(g) Accidents, investi- 
gation. 

(h) Keeping of records. 

(i) Insurance of — (1) 
pilots, (2) passen- 
gers, (3) craft. 


subject only to the retention of such devices and machines 
as are reserved by the military authorities for special 
reasons. 

The policing of the air, though eventually a means of 
using a number of armed aircraft without appreciable 
alteration, can only at first consume aircraft on a small 
scale, however carefully such a scheme be laid out for 
expansion when the trade develops. It would be putting 
the cart before the horse to provide for more police than 
there are potential malefactors, or to provide for enforc- 
ing the “‘rules of the air” on a non-existent traffic. 


Safety Provisions 


It is paradoxical to say that safety provisions, such as 
I have outlined, provide some of the most perilous of our 
subjects for foresight. There is no truer proverb than 


us of their best; the Council has shown its enthusiasm for 
the work and the members by their crowded attendances 
have shown that they mean to carry it on. 


Future Production of Aircraft 


The whole of this lecture is directed to secure this end, 
and I will pick out only one of the sub-headings in my 
Table A for special explanation, namely,- what I have 
called “load curve orders.” 

The bugbear of any production is the uneven distribu- 
tion in time of the orders received. The intolerable bur- 
den of keeping a staff and a system to give a large rate 
of output for a short time and at short notice should, if 
possible, be‘put an end to by foresight. The Government 
will necessarily have certain orders of its own to dis- 
tribute, and if it be found that, like the automobile trade, 














the industry is fed up by a “season demand,” then the 
Government orders might, if possible, be distributed at 
such dates and in such a way as to even up the load 
curve. 

I do not pretend to detail the good or bad effects if the 
army, navy, post office and “transaerion” companies and 
foreign and Colonial Governments all invited tenders on 
April 2 and placed the whole of their orders on May 2. 
to the gorging of the lowest tenderers and the ruin of 
those who made correct estimates, but I do suggest that 
there existed no organization prior to the war for appre- 
ciating the factory point of view in the distribution over 
a period of time of the business of ordering, and I also 
suggest that any industry with a first-class chance of a 


TABLE B-——ANALYSIS OF 


The formation of 
Industrial Links. 
Coordinating Technical 
Societies. 


Post Office 
Reciprocity. 

(a) Prices for postage. 
(b) Methods of collec- 
tion and delivery. 

(c) Agreed routes. 
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SUBJECTS ENTERING 


Post-War Inter- 
Governmental Agree- (a) 
ments (Allied and 
enemy). 
(a) Flying rights. 
(b) Landing rights. 
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is very small. Hence, in the lecture we must base our 
ideas on the difficulties likely to be raised abroad. I think 
it may be decided to be impracticable and conducive to 
the stifling of aeronautics to make it obligatory on all 
entering aircraft to concentrate upon some agreed ports 
of entry. Such a concentration would be highly incon- 
venient and the delay of alighting would be contrary to 
the very first desideratum of an air service speed. It 
will be time enough later to consider the control required 
over aliens who might enter with diseases subject to 
quarantine. 

Each arrival aerodrome would be liable at times to 
become a pandemonium of delayed and angry aeronauts. 
But there are other objections. One would hope to see 


INTO FOREIGN AERONAUTICS. 


Customs and 
Policing. 
Quarantine and 
Aliens Question. 


Registration of Craft. 

Salvage by ships 
and by aircraft. 

(b) Exchange of me- 
teorological news. 


(c) Rule of the “‘road.”’ 
(d) Supply of aircraft 
to foreign govern- 


ments. 


(e) International law, 
prohibited areas, etc 


#cteady turnover has also a first-class chance of supplying 
an article at once profitably and cheaply—two terms which 
‘annot always be justifiably found in juxtaposition. 

The labor question is involved in this same considera- 
tion for the same reason. The process of working ‘“ca- 
canny” with a view to keeping in his job or making jobs 
for others is by far the most widespread economic mis- 
take of the laboring class. The laborer’s desire for his 
share of wealth is no doubt accompanied by the knowl- 
edge that it must be produced to be distributed, but this 
is overshadowed by the conviction that the firm may fail 
to get more orders, that a lull may come and that he can 
extend the period of activity between the lulls and secure 
jobs for his friends by working dead slow. Abolish the 
lulls, and the thin excuse for slacking vanishes. I can 
only put the question, “Is it beyond the wit of man to 
level up the load curve?” I think not. Strikes and trade 
disputes are a separate question on which I do not touch. 


Control of Customs. 


It seems to me that a trading airplane can cross a 
frontier unseen either at great height or by using clouds 
or at night. It can drop packages at spots prearranged 
with confederates, and can, without alighting, either re- 
turn to its own land, or continue upon its through journey 
and escape being identified by a Customs House officer 
almost any night of the year. 

In November, 1913, a few remarks were made on the 
subject of customs, and it was pointed out that a customs 
inspection of the contents of aircraft on departure on 
behalf of the country of call was unthinkable, while in- 
spection on arrival, or on dropping goods, involves all 
countries in having Custom House officials over so large 
a part of their surface as to suggest that the number of 
officials would be excessive. Britain is in an exceptional 
position, its Customs House has some 8000 officials all 
over the country (as the Board of Customs controls all 
indirect taxation), while the number of dutiable articles 


journeys navigated on a course specially selected to utilize 
the enormous advantage of favoring winds, and minimize 
the delay and expense imposed by contrary winds, and 
therefore such journeys would be planned without the 
hampering influence of arbitrarily imposed places of call. 
These plans would seemingly be liable to alteration in 
the air according to the wind encountered, so as to obtain 
the best economic results. It will assist in making aero- 
nautics a wealth-producing industry instead of a burden 
to the State if it is possible to secure that through jour- 
neys be made, when desired, without any compulsory stop 
across one country to another. A significant objection 
to any alighting for the purpose of Customs House in- 
spection is the probable unfairness of a rule which would 
be easily evaded by the unscrupulous and which would 
be very costly to enforce even if the sporting smuggler 
were no longer with us. 

In this tangle of difficulties there is a plan suitable for 
the first few years which has certainly the merit of sim- 
plicity, though probably no other, namely, that all air- 
borne goods should be free of duty; treating whatever 
advantages thereby accrued to the aerial transport com- 
panies as subvention in aid. For such a proposal this 
at least can be said, that the British community would not 
be unfavorably placed since almost every known commo- 
dity is taxed more highly elsewhere than in Britain. 

In the contrary events of a decision to levy duty uf 
air-borne goods we must consider the suggestion of a 
Customs police mounted on fast aircraft to pursue and 
watch traders. 

There are many difficulties about doing this, they are 
probably even greater than those involved in a civil aerial 
police that we probably must have. 

For customs purposes it would be an anachronism to 
shoot down a suspected smuggler at sight; we cannot 
board an airplane in flight, nor can we know whether he 
is carrying sufficient hours’ fuel to be capable of out- 
distancing our policeman, moreover, his chance of giv- 
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ing his pursuer the slip by using the shelter of clouds 
and darkness is considerable. 

At first, at any rate, it may be best to accept air-borne 
goods untaxed; the class of substances carried will only 
be those of light weight, or of high value for weight, and 
of these mostly the ones which derive some advantage 
from rapid transit. In England we should be chiefly 
troubled by jewelry, saccharine, tobacco, tea and cocoa, 
and I doubt if these would amount to a serious difficulty. 

We should, of course, be inviseaging the issue of an 
indirect subsidy of an amount not easily knowable, but 
on the other hand we should economize on what promises 
to be abnormally heavy costs in collecting the duties im- 
posed. The competition with taxed sea-borne or land- 
borne goods would not perhaps be very serious if we 
remember the greater cost both of transport and insur- 
ance of air. 

As to the importation of foreign aircraft themselves, 
this is more easily controlled, because it involves alight- 
ing... It has been suggested previously that no preferen- 
tial landing charges be made against foreign trader air- 
craft under certain circumstances of reciprocity, and ac- 
cordingly an interval of stay in a country in excess of 
some preordained period might constitute importation 
for taxation purposes or alternately the Gordian knot 
might be cut, and preferential encouragement given to 
our own aircraft (as war necessaries) on the basis of a 
bounty to airplanes built in the country, and so avoid 
attempting the alternative of a tax on imported foreign 
airplanes. 

Enemy Aeronautics 


In a previous Wilbur Wright lecture, Horace Darwin 
showed us the value of what he called “inverting” a 
mechanism with a view to its better understanding, 
thus often evolving either new results or suggestions for 
the solution of what previously seemed very difficult. The 
Gnome engine, with its rotating cylinders, might be 
called a classic example of “inversion” applied to the 
petrol engine. The bedside clock whose dial is rotated 
past a fixed pointer is an instance of a more popular 
kind which also has an aeronautical interest since it is 
used in almost every barograph. 

It has been suggested as desirable after the war 
that the Central Powers should be forever restrained 
from aerial activity or alternatively from any access to 
Allied landing grounds. Such a proposal should be exam- 
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ined in the light of the inversion process. It was, I think, 
J. Swinburne who said that whenever a proposal is de- 
scribed as obvious to the meanest intelligence that is a 
sign that it calls for careful scrutiny by those of better 
ability. I am told that the overland aerial route to 
India, via the territory of the Central Powers, appears 
to offer special advantages, if I correctly interpret a 
conversation I had with Lord Montagu recently, and I 
think he has studied the point; at any rate, until matters 
of this sort are very much clearer than they are now, it 
would be most unwise to lay down as fundamental desid- 
erata notions which are only founded on our present 
bellicose attitude toward the enemy and not on a scien- 
tific appreciation of the results involved. At least we may 
be sure that the very last thing we want is to insure for 
the Germans the exclusive use of the easiest aerial run 
to India and the East. 


For Imperial and Colonial aeronautics it would be 
suitable to repeat the same table as was shown for purely 
British questions, with the introduction of widely dif- 
ferent and in some cases very promising aspects due to 
the greater distances, the absence of postal facilities, the 
great expense of land transit, the absence of roads, the 
unexplored and unmapped and unsurveyed regions, and 
sometimes the peculiarly regular atmospheric conditions. 
There will be found advantages for rapidly conveying 
administration officials to points of temporary interest 
or trouble. The labor question also requires special treat- 
ment and so do the convention for intercommunication 


between the Colonies themselves and with the Mother- 
land. 


Here is an immense program for foreseers and 
prophets. I believe there was for a moment a slight 
tendency to prejudice against the formation of an Air 
Board Committee to inquire into the matters which I 
have here suggested as a suitable field for foresight, but 
I now believe that since the first meeting, under Lord 
Northcliffe, this preliminary doubt has in large measure 
been dispelled. Whether the Aerial Transport Commit- 
tee, now sitting, on which this Society is ably represented 
by its Chairman, General Ruck, C.B., and on which I am 
sure we are all glad to know that Lord Sydenham has 
consented to serve, solves all these problems or not, we 
can feel at least that there exists somewhere a somebody 
who will make an effort toward the elucidation of some 
of them. 
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Cfficers of Mid-West Section Executive Board in Session at Chicago 


Left to right: Darwin S. Hatch, secretary 


Charles W 


Whitney, chairman; George L. Lavery, treasurer 


Open Season for S.A.E. Sections 


EPTEMBER is the month when most of the sections 
S of the Society take up their work after the summer 
vacations. The Cleveland, Detroit and Minne- 
apolis Sections have already held meetings, while the 
others are planning to hold their first meetings in Octo- 
ber. The work of the sections is of the utmost impor- 
tance in securing a strong parent body, so that a brief 
review of Section activities will be of interest to every 
member. 

When the S.A.E. was first organized there was little 
need for the local organizations. Practically all the mem- 
bers were located in New England or in the Middle 
Atlantic States, within easy traveling distances of New 
York. In the early days it was the practice to hold 
meetings of the Society four times a year. At that time 
the membership was comparatively small so that the 
quarterly meetings were adequate, both in securing the 
attendance of a majority of the members and in caring 
for the business and professional activities. 

But as the membership became scattered and the auto- 
mobile industry developed rapidly in the Middle West, the 
need was felt for more frequent local meetings. It was rec- 
ognized that these would be to the benefit of the members 
who might not be able to attend the meetings of the 
parent Society and who, therefore, desired some other 


method by which they could come in direct contact with 
their fellow members and with Society affairs. It was 
also believed that the object of the Society, the discus- 
sion of engineering subjects and the social intercourse 
among members, could be promoted by more frequent 
meetings in local engineering centers. 

The members in and about New York were the first to 
form a local organization, the Metropolitan Section be- 
ing organized in the spr:ng of 1911. In the same year 
sections were formed in Detroit and Philadelphia, and 
early in 1912 the members in Indianapolis followed suit. 
The Cleveland Section was started in 1914 and the Mid- 
West Section in 1915. The Pennsylvania Section, which 
was an outgrowth of the Philadelphia Section, the latter 
having temporarily suspended its activities in 1914, was 
organized late in 1915. The Buffalo Section was started 
a year later and the newest member of the section family, 
the Minneapolis, began its work in March, 1917. At the 
present time, therefore, eight sections of the Society 
are vigorously engaged in working for the good of the 
parent organization and for their local interests. 

Several new sections have been proposed in parts of 
the country where a large number of members are con- 
centrated, and have no way by which they can gather 
to discuss Society affairs and have technical papers of 
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general interest presented. Members of the Society 
have already suggested the need of new sections in New 
England, on the Pacific Coast and in Eastern Canada. 
This work is now under way and it is hoped that in the 
near future these new sections will become part of the 
Society. President Dunham, in his address at the Wash- 
ington meeting of the Society, thus referred to the sec- 
tion activities: 

“The work of the sections is of the greatest impor- 
tance in the proceedings of the parent body. There is 
an opportunity for forming new sections in several auto- 
motive engineering centers. No better work can be 
done by members of the Society who are not located so 
that they can readily attend meetings of the present sec- 
tions than in forming new sections and in obtaining the 
necessary addition to the membership of the Society to 
carry on the work of such sections.” 

That the local work is amply justified is shown by the 
last year’s program when the eight sections held nearly 
sixty meetings, these being attended and enjoyed by 
hundreds of members of the Society and by others inter- 
ested in the S.A.E. work. The acquaintances formed at 
these meetings have been found to be of great value to 
the individual members as well as to the sections and 
the Society. The technical papers and discussions pre- 
sented at these meetings have been printed practically in 
full in the monthly publication of the Society. As a 
result of the wide circulation of the S.A.E. BULLETIN 
and of its successor, THE JOURNAL, these papers have 
been reprinted in periodicals devoted to the automobile, 
aeronautic and other automotive industries in all parts 
of the world. Thus the work of the sections has been of 
benefit to thousands of engineers in this and other coun- 
tries. 

In order that the work of the various sections may be 
coordinated as far as possible, the Council of the Society 
has appointed a Sections Committee, this being composed 
of the chairman of all sections and of three other mem- 
bers of the Society. This committee is purely advisory, 
but it has already done some constructive work in recom- 
mending that the fiscal and administrative years of all 
the sections be made uniform, also that a method be 
established whereby section associates can subscribe for 
the monthly publication of the Society. The Sections 
Committee is comparatively new, but it is believed that 


its discussion of common problems will be of great bene- 
fit to all the sections. 


Future TecuHnicat ACTIVITIES 


The Buffalo Section has meetings scheduled on Oct. 
24 and Dec. 5, 1917; Feb. 6, March 20 and April 24, 1918. 
This Section is affiliated with the Buffalo Engineering So- 
ciety, and the dates mentioned are those assigned to it 
for presentation of automotive engineering papers. The 
officers of the Buffalo Section are: David Fergusson, 
chairman; C. M. Manly, vice-chairman; D. W. Sowers, 
secretary; John Younger, treasurer; and H. P. Parrock, 
chairman of the Membership Committee. 

The Cleveland Section will hold regular monthly meet- 
ings on the third Friday of each month. The September 
meeting was held on the 21st, Ray P. Jackson delivering 
a paper entitled Fabricated Bakelite Materials. The 
officers of the Cleveland Section are: W. R. Strickiand, 
chairman; A. M. Dean, vice-chairman; H. C. Snow, 
treasurer, and H. G. Welfare, secretary. 

The Detroit Section has worked out an original method 
of preparing papers for the coming season. An Indus- 
trial Research Division has been formed from the mem- 
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bers of the Section, and this is divided into five commit- 
tees: Chemical and Metallurgical Research, Laboratory 
Testing, Inspection, Planning and Mechanical Efficiency, 
and Body Design. It is planned to have each of these 
committees take charge of one meeting during the year, 
its members preparing the paper and leading the discus- 
sion. The first meeting of the Section was held Sept. 
14, when the Chemical and Metallurgical Research Divi- 
sion submitted the paper of the evening. R. H. Sherry 
is chairman of this committee, the members being A. E. 
De Clercq, K. M. Wise, F. Wahl and F. E. McCleary. The 
Section is planning to hold its Annual Manufacturers’ 
Banquet in December. 

The officers of the Detroit Section are: C. C. Hinkley, 
chairman; F. A. Whitten, vice-chairman; Wm. B. Stout, 
secretary, and George M. Holley, treasurer. The regular 
meeting night is the second Friday of each month. 

The Indiana Section is making plans for holding its 
first meeting in October. It is expected that regular 
meetings will be held on the last Friday of each month, 
as was done last year. F. A. Cornell has resigned as 
chairman of the Section on account of business reasons. 
C. S. Crawford is vice-chairman, C. E. Jeffers, treasurer ; 
Frank E. Smith, secretary; and F. E. Moskovics, member 
of the Governing Committee. 

The Metropolitan Section will start its work in Octo- 
ber. The Section is planning to hold a series of meet- 
ings dealing with the automotive activities of the war. 
The officers of the Section are as follows: H. G. Mc- 
Comb, chairman; A. C. Bergmann, treasurer; H. W. 
Slauson, secretary; Carl F. Scott and Leonard Kebler, 
members of the Governing Committee. 

The Mid-West Section has been holding quarterly meet- 
ings, but these have been so successful that in future 
the Section will meet each month, starting in October. 
The present officers are Charles S. Whitney, chairman; 
F. E. Place, vice-chairman; George L. Lavery, treasurer ; 
Darwin S. Hatch, secretary; and C. W. Stiger, member 
of the Executive Board. 


The Minneapolis Section held its first meeting on the 
5th of September, C. A. Krause presenting a paper on 
the manufacture and use of spark-plugs. An abstract 
of this paper and of the discussion following it is given 
elsewhere in this issue. Monthly meetings for the pur- 
pose of discussing tractor engineering problems and to 
further the cause of tractor standardization will be held. 
The officers of the Minneapolis Section are Robert Gay- 
lord, chairman; W. J. McVicker, vice-chairman; J. S. 
Clapper, treasurer; and H. C. Buffington, secretary. 


The Pennsylvania Section has worked out a comprehen- 
sive plan which it will follow during the coming season. 
It is proposed to devote the meetings to the elements af- 
fecting the riding qualities of motor vehicles, one of these 
elements to be taken up at each meeting. Five meet- 
ings will be devoted to the various elements and a sixth 
to the review of the whole field. By settling on this one 
broad subject it is hoped that data can be obtained of 
great value to the whole industry. The Pennsylvania Sec- 
tion officers are: John W. Watson, chairman; E. S. Fol- 
jambe, vice-chairman; T. Y. Olsen, treasurer, and A. K. 
Brumbaugh, secretary. 

One of the most important functions of THE JOURNAL 
is to give a complete report of Section activities. The 
technical papers and discussions will be printed as soon 
as possible after their presentation, sufficient time being 
taken to have them revised by their authors. The activi- 
ties of the Buffalo, Metropolitan, Mid-West and Pennsyl- 
vania Sections are outlined in articles prepared for the 














readers of THE JOURNAL by the chairman of the respec- 
tive Sections. It is planned to review the work of the 
other four Sections in a later issue. 


MEETINGS OF THE BUFFALO SECTION 


By Chairman David Fergusson 


HE Buffalo Section of the Society, comprising all of 

the S.A.E. members resident within fifty miles of Buf- 
falo, has affiliated with the Buffalo Engineering Society. 
This Society having been in existence about six years has 
a large membership comprising local members of practi- 
cally all the other national engineering societies, making 
in all over six hundred members. Because of this large 
membership, this Society has a considerable local stand- 
ing. The Statler Hotel gives the Society the use of its 
large ballroom and cloak rooms for meetings every other 
week. Each branch of engineering has a certain number 
of meetings assigned to its discussion during the season. 
The Buffalo Section of the S.A.E., for example, will fur- 
nish a speaker on some automotive topic at five meet- 
ings. 

The officers of the Buffalo Section of the S.A.E. be- 
lieve it to be to the best interests of the local members 
to rely upon themselves for. papers on subjects with 
which these members are familiar. By so doing we give 
local members an opportunity to present to the Society 
through the Section, papers of interest to the Society in 
general and particularly to their fellow townsmen who 
oft-times are not even aware that such experts in their 
particular line reside in their midst. 

We have in our Buffalo district the following branches 
of the automotive industry: Automobile, motor truck, 
motor-truck engine, airplane, airplane engine, motor-boat 
engine, motorcycle, magneto, electric lighting and start- 
ing devices, storage battery, ball-bearing, radiator, trans- 
mission, rear axle, car and truck body, automotive cyl- 
inder foundry, aluminum bronze and brass foundry, 
malleable iron and steel foundry, steel stamping and drop 
forging, wire wheel and wind-shield. 

On going over this list one might well think there 
should be no difficulty in obtaining from among all these 
industries enough speakers to fill every date we have 
allotted to the Buffalo Section. The trouble appears to 
be that so few engineers care to speak in public. It is an 
effort for them to do so and they are, in addition, so busy 
nowadays that they can prepare papers only at great in- 
convenience to themselves. There are always among such 
busy men those who wish to let others benefit by their 
knowledge and experience. These men, in giving to 
others, frequently add to their own knowledge. The repu- 
tation gained through giving a good paper is frequently 
of great material benefit to them afterwards. 

We hope to find enough such men in our midst to fill 
all our allotted dates. If so there will be no doubt about 
the success of this Section of the Society. 


PLANS OF THE METROPOLITAN SECTION 
By Chairman H. G. McComb 

HE Metropolitan Section of the Society has the honor 

of being the first one of the sections to be formed. Last 
year under the able leadership of Chairman Leonard 
Kebler, the section increased wonderfully in popularity 
and “pulling power.” Excellent papers were presented 
upon the gasoline situation and on the development of 
engines that would run on crude fuel. 

Alden L. McMurtry delivered an able paper on the 
head-lamp problem that has attracted so much attention 
during the past year. C. F. Kettering at another meet- 
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ing gave one of his most interesting and thought-com- 
pelling talks dealing with the developments of modern 
science. One evening was devoted to aeronautics; Elmer 
Sperry and his son Lawrence Sperry describing the ap- 
plication of the gyroscope and the design of instruments 
used in bomb-dropping and other aerial sport. 

For the 1917-18 season, we plan a program that will 
keep our members acquainted with the war situation as 
related to automotive activities. We will also bring in 
somewhat the commercial and financial side of the auto- 
mobile business, and hope to secure one of New York’s 
leading financiers to tell us how our industry is financed. 

Of course, with the rising cost of fuel, we shall have to 
consider the advances in cutting fuel cost by engine de- 
sign or carbureter design or by use of lower grade fuels. 

Our program is being prepared with the idea of both 
interesting and instructing our members and to further, 
in social ways, the genuine good-fellowship that exists 
among Metropolitan Section members. 


TiIsTORY OF THE Mip-WeEsT SECTION 


By Chairman Charles S. Whitney 


NE of the babies among the offspring of the parent 

Society of Automotive Engineers, the Mid-West Sec- 
tion, has taken root in Chicago and although it is less 
than two years of age, it seems to have chosen the proper 
ground for its development; it has grown to very com- 
mendable proportions and has given evidence of an 
amount of energy and a degree of force that proves its 
relationship to its progenitor in New York City. 

The chief credit for the origin of the Mid-West Sec- 
tion must be given to Past-President W. H. Van Dervoort, 
who during his presidency was impressed with the neces- 
sity of a central gathering place for members of the 
Society in the Middle Western States in locations where 
they were not within easy reach of the Indiana and De- 
troit Sections. During his presidency Mr. Van Dervoort 
communicated with all of the members of the Society in 
this territory and received enthusiastic response from 
them, practically all agreeing with him as to the need of 
a centrally located Section. 

Unable to devote the necessary time to the organization 
of the Section personally on account of his duties as 
president of the Society, Mr. Van Dervoort turned over 
the actual work of organization to Mark A. Smith and 
Darwin S. Hatch as his lieutenants. A meeting was 
called of members of the Society in and around Chicago 
for Oct. 8, 1915, at the Chicago Automobile Club, and 
though only ten members responded, this formed the ac- 
tual beginning of the Section in Chicago. This meeting 
was presided over by Darwin S. Hatch and a formal peti- 
tion was drawn up asking the parent Society to grant a 
charter to a section in Chicago. Temporary officers were 


elected as follows: Chairman, W. H. Van Dervoort; 
treasurer, Daniel Roesch; and Secretary Darwin S. 
Hatch. 


A charter was granted and on Dec. 1, 1915, the first 
meeting of the Section was held, likewise at the Chicago 
Automobile Club, which generously has provided a meet- 
ing place and service for the Section at all times. Nearly 
all the meetings have been held there. 

The embryo Section was honored at its inception by 
the presence of General Manager Coker F. Clarkson of 
the Society, as well as by representatives from the New 
York, Philadelphia and Detroit and Indiana Sections, all 
of whom extended welcome to the new Section. There 
were 55 members of the S. A. E. in attendance, and all 
signified their desire to join the new Section. Officers 
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for the rest of the fiscal year to June 1 were elected as 
follows: Chairman, F. E. Place; treasurer, Charles W. 
Stiger; secretary, Darwin S. Hatch; and vice-chairman, 
J. E. DeCou. As the fifth member of the Executive 
Board the temporary treasurer, Daniel Roesch, was re- 
tained. The standard section constitution and by-laws 
were adopted early in 1916 and inasmuch as the Section 
was new, it was decided to hold regular meetings only 
quarterly. 

During the past eighteen months quarterly meetings 
have been held regularly, and all have been exceptionally 
well attended and exceptionally worth attending. Most 
of the meetings have been held at the Chicago Automo- 
bile Club in Chicago. One, however, was held at Armour 
Institute of Technology, where experiments on testing 
engines were made by Professor Roesch in the Armour 
laboratories. 

One meeting was turned over to the engineers in the 
neighborhood of Milwaukee; this was held at the Central 
Continuation School, Milwaukee. 

On April 16, 1916, the Section gave a Sante at the 
Chicago Automobile Club to the officers and members of 
the Council of the Society. This was attended by over 
100 people, the meeting following the dinner being at- 
tended by more than 150 members and guests. 

The Section has been particularly active in arranging 
for the attendance of its members in mass in outside 
Society affairs. Special cars have been provided for the 
annual summer cruise on the “Noronic” in 1916, to the 
Annual Meeting at Washington in June, 1917, and to the 
Tractor Show at Kansas City last winter. 

For the future, it is planned to increase the member- 
ship materially. The membership now is 125, of which 
90 are members of the Society and 35 Section Associates. 

It is expected this winter to inaugurate monthly meet- 
ings instead of quarterly meetings, and also to provide 
some social activities in connection with the technical 
sessions. 

The territory embraced by the Mid-West Section is 
that part of northern Indiana, Illinois, Wisconsin, and 
Michigan that is not within direct contact of any other 
Section centers. 


PENNSYLVANIA SECTION ACTIVITIES 
By Chairman John W. Watson 

HIS year the Pennsylvania Section is laying out its 

program with the definite purpose of making it of 
more than local benefit. Its ambition is to contribute 
something to the advancement of the industry—to add to 
the knowledge of the designing craft. To do this it was 
evident that we must concentrate on a more or less lim- 
ited range of subjects and naturally the first thought 
was what in the automobile at the present state of the 
art has shown the least improvement. 

The powerplant and the motive mechanism from the 
beginning have received the most attention. Easy riding 
qualities, on the other hand, have been of secondary con- 
sideration, and as a rule have been given little heed by 
engineers. More or less it has been accepted that com- 


fort was a matter of great weight and that those who de- 
sired it must buy the heavier cars. 

The present tendency toward lighter and more econom- 
ical cars has made it appear to us that we could do 
nothing more useful than to provoke a study of means 
for improving the riding of such cars, particularly as any 
much better average quality of roads than we now have 
is not to be expected in the reasonably near future, the 
steadily increasing use of the roads making their rate 
of destruction about all that present road-building facili- 
ties and appropriations can keep up with. 

We have analyzed the directions in which improvement 
in riding qualities may be possible and have determined 
on five divisions of the subject with a final review for 
the six meetings of this year. The subjects to be con- 
sidered are to be, but not necessarily in the order named, 
Springs, Shock Absorbers, Distribution of Weight, Up- 
holstery and Wheels, the latter including Tires. 

For the realization of our object each of these subjects 
must be presented by the best impartial authority that it 
is possible to obtain, hence we will not confine ourselves 
to our own territory. We ask the cooperation of the en- 
tire membership to help us locate the best talent. Sug- 
gestions will be welcomed from any who can themselves 
or know who can give us exceptional papers on any of 
these subjects. We shall be exacting and spare no pains 
in satisfying ourselves as to the qualifications of those 
we accept to open each of these discussions, but it will 
be the greater honor per se to the five who are selected. 

In the discussion of each subject we shall invite partici- 
pation by the leading partisans of different types of con- 
struction where there is conflict of opinion, as for in- 
stance, on springs, those who favor cantilever, full elliptic, 
platform, or flat semi-elliptic. Similarly with shock ab- 
sorbers, the cushion spring, friction and damping types 
will each have their advocates. We shall be pleased 
also to hear from those who would like to have a part in 
these discussions so that we may not inadvertently omit 
any who should be present. All communications should 
be addressed to the chairman of the Section’s committee 
on papers, Henry R. Cobleigh, Chilton Co., Philadelphia. 

We feel that if our ambition is realized and we are 
successful in getting together the best brains on these 
various factors in automobile riding comfort that we will 
accomplish a very tangible good for the Society at large 
and the automobile industry as a whole. This justifies 
us in asking the interested support of all members 
whether in another Section or unattached. We shall be 
glad to have as many as possible attend the meetings. 
Later as the program takes more definite form announce- 
ment will be made through THE JOURNAL of dates and 
speakers with an outline of the proposed treatment of each 
subject. Meantime we shall hope to hear as quickly as 
possible from those with services or advice to offer. The 
first meeting will be Oct. 25 and the subject probably 
Springs. Each of the other meetings will be held on the 
last Thursday of each month to and including April, but 
omitting December, and the place in each case the En- 
gineers’ Club, 1317 Spruce Street, Philadelphia. 
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Tractor Spark-Plug Requirements 


MINNEAPOLIS SECTION MEETING 


Wea the highly efficient engines now in use, the work 

done by the spark-plug is much greater than was 
previously the case. The need, therefore, for proper 
manufacturing methods is evident. The construction re- 
quired for such manufacture was described in a paper 
given by C. A. Krause, Champion Spark Plug Company, 
at the Sept. 5th meeting of the Minneapolis Section. 

The paper described the method of manufacturing 
porcelain insulators, emphasizing the fact that the great- 
est care must be exercised in the mining and handling of 
the clays from which the porcelain is made, in order to 
render it fit for insulator use. In closing Mr. Krause 
asked the tractor engineers to work more closely with the 
spark-plug manufacturers so as to produce plugs mutually 
satisfactory. 

In opening the discussion H. C. Buffington asked for a 
comparison of the 18-mm. plug (0.707 in. o.d.) with the 
present 7-18 standard. According to Mr. Krause the 
metric plug is favored, because it seems to have given 
less trouble on automobile racing engines. For manu- 
facturing reasons the same size porcelain has been used 
for the m+tric plug as for the %-in. and the 4-in. plug. 
The result is that the porcelain in the metric shell is 
crowded up close to the inner bore. The % -in. heavy 
design is better than the metric on engines operating at 
high temperatures because the shell of the former tends 
to carry some of the heat from the porcelain, and also 
because the space around the porcelain is small, so that 
the scavenging action of the gases in the cylinder is not 
good. As a result the porcelain does not get as hot as 
it would if there was considerable clearance on the side 
of the plug. Another advantage of a plug with %-in. 
thread and 1%-in. hex is that it has a greater area of 
metal exposed to the air and therefore more heat will 
be carried away. In the metric there is only enough 
metal in the shell surrounding the porcelain to prevent 
its being distorted when a wrench is applied. 


There was considerable discussion as to the relative 
advantages of one-piece and two-piece plugs. Mr. Creag 
said that it is difficult to keep the latter tight, and that 
the one-piece plugs give better satisfaction. No matter 
how much the operator tightens the nut that holds the 
porcelain down to the gasket, these gaskets become 
squeezed down and leak after ten or fifteen minutes’ use. 
The main trouble with the one-piece plug has been the 
cracking of the porcelain. 

In answer to this Mr. Krause said that there had been 
some trouble with breakage at the lower end of the porce- 
lain because the wires were not uniform and therefore 
expanded more than they ought, forcing the porcelains 
out and breaking them at the bottom. This difficulty 
however has been obviated by improved methods in manu- 
facturing the wire. 

While the one-piece plug can be made for about 2! 
cents less than the two-piece plug selling for the same 
price, the latter is preferred by Mr. Krause. He said that 
the farmer must buy a number of extra plugs when the 
one-piece type is used, whereas if he has a plug that can 
be taken apart, the purchase of a few extra insulators will 
save him money. It is also easier to take the two-piece 
plug apart and clean it, although at present a cleaner for 
a one-piece plug is on the market. 

An additional reason why the two-piece plug is better, 
is that since a copper asbestos gasket is used on both 
types the one-piece plug can leak after being in operation 
for a short time. If the two-piece plug leaks it can be 
tightened with a wrench, and the leakage stopped, where- 
as the one-piece must be thrown away. 

One reason so little trouble is experienced with the two- 
piece plugs is because they are used on the smaller sizes 
of engines. This type can be used satisfactorily on an 
engine of 4'% or 5-in. bore, but it is sometimes found that 
trouble will result when it is used on a 5145 by 7 or 614 by 
8-in. engine. 


OPENINGS IN GOVERNMENT SERVICE 


N EMBERS of the Society who desire to enter the ser- 
4° vice of the Government, either as commissioned offi- 
cers or in a civilian capacity, should communicate with the 
Washington office of the Society, Room 337, Munsey 
Building. Assistant Secretary Chase is now located in 
this office, probably for the period of the war, and is 
giving a large proportion of his time in assisting the 
Government to secure well-qualified men for engineering 
openings, and at the same time assisting members of 
the Society who desire to enter the service to locate 
where their ability and experience can be used to the 
best advantage. Members who write the Washington 
office regarding openings should give very complete de- 
tails as to their training and experience. In many cases, 
this information has been furnished on the census blanks, 
which have been filled out by a large percentage of the 
membership at the request of the Society’s Committee 
on Preparedness, but these applications are not always 
properly filled out, nor do they contain information as 


to engineering education, which in some branches of the 
service is required. 


Ordnance Department, Motor Equipment Section 


A number of engineers with a good knowledge of the 
operation, upkeep and repair of military trucks and 
tractors are required for early service in France. These 
men will be commissioned as lieutenants, captains or 
majors, in accordance with their age, experience and 
ability. Their function will be to see that trucks and 
tractors shipped to France from this country are prop- 
erly assembled and kept in good operating condition. In 
addition to commissioned officers, a large number of 
men will be required in the Enlisted Reserve, the men 
desired being chiefly mechanics and drivers with some 
knowledge and experience of trucks and tractors. 


Aviation Section of the Signal Corps 


A considerable number of inspectors are required. 
with a knowledge of both raw and finished materials. 
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of these inspectors will serve in a civilian capacity, 
others will receive commissions, chiefly as lieuten- 

s. The pay varies from $1,200 to $2,400 per year. 

or the most part, men beyond the conscription age are 
sesired. 

The materials to be inspected include metals of all 
kinds used in aircraft construction, also wood, fabric, 
varnish dope. The finished materials include airplane and 
engine parts as well as complete planes and engines; also 
accessories, such as carbureters, magnetos, and the like. 

A few men with experience in writing specifications 
and attending to detail work on changed notices are also 
required; and there are other openings for draftsmen, 
in particular for tracers and detailers. 

A large number of men are still required for service as 
flyers. Such men must be between 21 and 30 years of age, 
must be able to pass a rigid physical examination, and 
must have the equivalent of a college education. Upon 
completion of a suitable course, the applicant may re- 
ceive a lieutenant’s commission, after which he under- 
goes a course of training in actual flight. 


Quartermaster Corps 


In the Quartermaster Corps a number of men qualified 
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for testing and inspection of military trucks and truck 
parts will shortly be required. These men will be as- 


signed to duty, for the most part, in truck and parts 
production plants. 


In the Quartermaster Enlisted Reserve Corps artisans 
and mechanics, with a knowledge of the upkeep and 
operation of trucks for service in the base repair shops 
to be established in France, are required. 


Navy Department Bureaus 


A few men with a special knowledge of magnetos, car- 
bureters, internal combustion engines and planes, are 
required for inspectors, these men to enter the Naval 
Coast Defense Reserve with a view to subsequent train- 
ing for qualification and duty in the Naval Reserve Fly- 
ing Corps. After the period of training these men will, 
if properly qualified, be given commissions as ensigns or 
lieutenants, junior grade. Men with an engineering de- 
gree are desired. 


A few men with engineering degrees and a good knowl- 
edge of shop practice are required for service in a civilian 
capacity. Men familiar with metallurgical testing, in- 
spection or design work are preferred. 


STANDARDS ADOPTED BY LETTER BALLOT 


few recommendations as to new and revised stand- 
ards* approved at the Semi-Annual Meeting of the 
Society were adopted in their entirety by the letter ballot 
of the voting members, which closed on the 28th of 
August. 

The total number of votes cast was 340, of which 26 
were defective. Of the 314 valid votes cast, 81 were 
merely signed on the outside, the members undoubtedly 
supposing that thus they were voting for all the stand- 
ards. The vote on the recommendations follows: 

Yes No 
Second Report of Aeronautic Division— 


Wheel control for airplanes................... 85 2 
SIC COMETO! TOF AITDIANORs 6 6 «6.6.0 0561000 000008 86 2 
Loops and ferrules for round tinned steel air- 

DE: II 5 llcray $4: 5) 5:0 koe ae ach eras Sa ee 91 1 
Loops for galvanized steel aircraft cable non- 

TORII BINGE BUPAME. 26 6.6 ceca ei owecean cc 90 1 
WeOMIe WHUCIDIO BEPERE 2... 6 6 cca cde counes 88 1 
CSGIVERINEE BGCCL THITBUIOS 2.0.0 ic cc ccscccccesees 92 0 
MY Siete ahi Sac gustan Gerold ova uae Foobiis sant Cen 83 2 
i Nr ee neers Wiens #32 Paer 90 2 
+” GEESE Aeon Wee Sears emery eet g(r 87 1 
I NN. cogs aica'w a halls chase Sasa eae RTS le 102 4 
Pants DENSON HOO DOUG... . .0.0 ov ces ccccveree 105 1 
RS | a ee 102 2 
re ME FTI ioe se a bss brww wie tumveiane eter eensin 104 3 
eer rere ree eo 101 5 
een pee ae nene 119 2 
Spark-plug dimensions for aircraft engines.... 106 2 
SE Me ON PR ca cdiowercketeane dees 115 3 
Supports for airplane engines................. 80 2 
Senn GE WHGROUFOMNGCMED &.os oie cnc ees s ewes 13 6 
Gaging of sheet metal, rods, tubes, wires and 

I 5.x oe Saves’ sea Ss @ nmi ees rly Ole eee ee 137 0 
Use of existing S. A. E. Standards for aircraft 133 1 


Seventh Report of Ball and Roller Bearings Division— 
Thrust ball bearings, steering-knuckle type..... 155 
Flat-face thrust ball bearings, light series..... 152 
Flat-face thrust ball bearings, medium series.. 151 
Self-aligning thrust ball bearings, light series.. 152 
Self-aligning thrust ball bearings, medium series 152 


fed eek eek et 


*These standards were given in full in the July JOURNAL, p. 41. 


First Report of Chain Division— 


iy eR eS | ere er nesters 107 0 

Pe ere Tee 149 2 
Eleventh Report of Electrical Equipment Division— 

Flange mountings for generators............. 152 4 

Flange mountings for starting motors........ 153 5 

Ignition distributor mounting ................ 151 5 
Second Report of Engine Division— 

PURE TEE. 65 iis 2k 9 kG es china aa ital 155 8 
First Report of Lighting Division— 

HORG-1AIND TOMSOCINGIID. 6.5 6 sick coco ticscess cen 170 2 

Head-lamp lighting terminology .............. 167 2 

Electric incandescent lamp voltage............ 148 2 

MOE Sacra «sna aiekns a ase nonien reales 141 2 

Focusing lengths of incandescent lamps ....... 133 1 

REE I EE Ce PE 8 Pape 138 3 

Head-lamp socket—focusing .................. 158 3 

Head-lamp TUmiiation-. 0... ossccncscsvegeuc's 160 3 

FIGRG-IRTD: TOURETTE aks oc cies veeewe hs emen vine 155 1 

eS eer 160 1 
First Report of Marine Division— 

Standards approved for marine uses ........... 128 2 
Tenth Report of Miscellaneous Division— 

POE ND oo 6 didn eso 0.5 0 Sin aean as tp wiorw sia 161 2 

Adjustable yoke rod-ends ..............050008: 163 3 

PIS: DEE PORES ii Shs dg Serer Ueatenwehseuee 161 3 

NN ara te mie ans nti ona 161 4 
First Report of Research Division— 

Complete car performance test ............... 136 5 
First Report of Starting Battery Division— 

Storage battery terminal posts ............... 130 4 

Powe TO GR GUE oo 6b bi ook KE Min ies we 117 6 

Starting battery compartments ............... 136 6 
Second Report of Tire and Rim Division— 

Carrying capacities and inflation pressures of 

DENG WN. <ivcik.0 oo 6Vibs shee Caen us 140 4 

First Report of Tractor Division— 

veo me em Sr ae 121 0 

Tractér belt POWOE TORING 6.6 cok. oes dawn 124 0 

TEOCIOY DONE GUID odie Ses 604.056 eeReneiwewe 118 0 

Hetent of tenceer GEAWUOE « ...o5s ssinvecesenccee 113 2 

EE GE nis.00 ss ccs vse neeeeese tae 103 6 

rer rire eee 149 1 
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Attendance at Informal Military Motorcycle Committee Meeting Held Aug. 29, 1917, at Chicago 
Arthur Davidson, C. B. O’Har \. W. Herrington, T. J 
C. Hecox, F. W. Schwinn, M. W. Hanks, CC. 0. Hedstrom, 
Ee. J. Wilson 


Alden Perrin, 
Rottweiler 


Ww 
Ww 


H 


Ss 


Left to right, back row 


Fay. L. P 
Sullivan. Seated: G. V 


Harley, Capt 
T. C. Butler 


LARGE number of Division meetings are sched- 
uled for the near future. The schedule follows: 


A 


Aeronautic Division, Sept. 24, Munsey Bldg., 
Washington. 
Marine Division, Sept. 26, S. A. E. Headquarters, 
New York. 
Miscellaneous Division, Oct. 3, Detroit Section office, 


Detroit. 

Lighting Division, Oct. 4, Detroit Section office, De- 
troit. 

Miscellaneous Division, Oct. 5, 
cago. 

Tractor Division, Oct. 6, Congress Hotel, Chicago. 

The letter ballot of the standards adopted at the June 
meeting has been received. All the recommendations 
were approved by the voting members of the society and 
the standards, therefore, are officially adopted. The com- 
plete result of this vote is given in this issue. 

Three new divisions of the Committee have recently 
been authorized by the Council: the Fuel and Lubricants 
Division, consisting of Messrs. Horning, Chatain, Parish 
and Stratford; the Stationary and Farm Engine Division 
and the Motorcycle Division. The last has been in opera- 
tion as an informal committee, its work being supervised 
by the S. A. E. Standards Manager. It is now a full- 


Congress Hotel, Chi- 


Millard, 
Ie 
Jr 


fledged Division of the Committee and can thus work to 
better advantage in the standardization of military- 
motorcycle parts. 

Below is given the outline of the work done at recent 
meetings of the Aeronautic, Miscellaneous, and Tractor 
Divisions, and of the Military Motorcycle Committee. 


MeetiInG or AgRONAUTIC DivISION 

The meeting of the Aeronautic Division held Aug. 27 
at Washington was attended by the following: Chairman 
C. M. Manly, H. M. Crane, Spencer Heath, H. E. Morton, 
Lieut. A. K. Atkins, Dr. H. C. Dickinson, and Thomas 
H. Huff. 

Aircraft Strand and Cord. It was stated that the 
International Aircraft Standards Committee objects to 
some of the terms recommended by the Division in desig- 
nating aircraft cable. It was therefore voted to accept 
the recommendation of the I. A. S. and use headings as 
follows: 

Aircraft Galvanized Strand. 

Aircraft Galvanized Cord, Cotton Center; 6 x 7. 

Aircraft Galvanized Cord, Steel Center; 7 x 7. 

Aircraft Tinned Cord, Steel Center; 7 x 19. 

These four supersede the headings given to the four 
tables appearing on page 166 of the August JOURNAL. 
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Aircraft Lumber Specifications. A portion of Process 
Specification No. 20,500 relating to kiln drying specifica- 
tion for airplane stock was discussed, special attention 
being called to the requirements that certain timber 
must be steam-bent while in the green state and later 
finished to size. It was said that this specification would 
require practically the entire shaping to be done by 
hand, while formerly the timber was shaped with the 
usual wood-working machines and then steamed. Since 
it is not practical to machine the pieces after being bent, 
it would seem that the new specification has no material 
advantage over the former one. 

Engine Testing. No definite action will be taken on 
this subject until further information is received re- 
garding tests now being made for the government. In dis- 
cussing the subject it was said that in some cases foreign 
countries modify their engine tests when the engines are 
made in the United States. It is hoped to prepare a 
specification for testing that will be adopted internation- 
ally. The Army now requires a test of six hours and the 
Navy one of five hours, but the latter will probably use 
the srx-hour test in the interests of standardization. 

Airplane Ball Hex Nuts. A communication was read 
from Major H. S. Martin suggesting that the radius of 
the ball portion be changed so as to secure a sharper 
angle of contact with the surface. The Division deems 
it advisable to leave the radius as originally recom- 
mended; the “seating angle” is now amply sharp, and 
if made greater, as suggested by Major Martin,. the 
securing qualities of the nut would be impaired. The 
metal capping or washer is often thin, and would be too 
markedly depressed with the sharper angle. 


MororcycLe CoMMITTtEE MEETING 


The Military Motorcycle Committee met Aug. 29, at 
Chicago. Present: T. C. Butler, Jr.. W. D. Callender, 
Arthur Davidson, W. H. Fay, W. F. Harley, Capt. F. C. 
Hecox, C. O. Hedstrom, A. W. Herrington, B. M. Ikert, 
C. B: O’Hare, Alden Perrin, G. V. Rottweiler, F. W. 
Schwinn, T. J. Sullivan, E. J. Wilson and Standards 
Manager M. W. Hanks. 

Regulations for Motorcycle Companies. The sub- 
committee appointed at the Aug. 6 meeting to confer 
with Secretary of War Baker regarding the organiza- 
tion and centralized control of military motorcycle com- 
panies reported that the Secretary had referred the mat- 
ter to Colonel Baker, Majors Drake and Furlow, and Cap- 
tain Britton, of the Quartermaster Department. A con- 
ference was held at Washington last month with these of- 
ficers, and as a result, Colonel Baker suggested that the 
sub-committee review the Q. M. C. pamphlet, Organiza- 
tion and Regulations for Motor Companies, and then com- 
municate with Major Furlow. A number of changes were 
suggested in the regulations, among them that a captain, 
instead of a cycle master, should be placed in command 
of each motorcycle company. It was also recommended 
that, for the proper maintenance of motorcycles, all valves 
should be carefully examined at least once a week, and if 
necessary, thoroughly ground, and that the lubricating 
oil should be drained once every 500 miles. 

In order to correlate the recommendations made for 
revision in the Q. M. C. regulations it was decided to 
send a report on the motorcycle in army use to the Com- 
mittee on Organization, War College Division, General 
Staff, U.S. A. This report has therefore been submitted. 
It is based on the experience of manufacturers and of- 
ficers who have been in touch with the use-of motorcycles 
on the Mexican Border. and covers very completely the 
proper organization of motorcycle units,' the method of 
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training the personnel, and the operation of base and 
division repair shops. 

Gun Carriers. It was suggested that work in design- 
ing a proper carrier for the Lewis gun be held in abey- 
ance for the present and that all energy be placed on the 
work relating to the Marlin machine-gun carrier. 

Spokes and Nipples. No action was taken on the pro- 
posed standardization of spokes and nipples. It was 
decided to secure complete information from several 
makers. The information already at hand indicates that 
the subject should receive further consideration. 

Spark-Plug Shells. The 18-mm. spark-plug shell was 
approved at a previous meeting for use on motorcycle 
engines. The table of tolerances (page 89, JULY JOURNAL), 
recommended by the Aeronautic Division, was approved. 


Fuel and Lubrication Pipe Fittings. Vibration tests 
of six types of 5/16-in. unions were made by Mr. Harley 
in order to determine their life. These unions were at- 
tached to a bumper board 24 in. long, one end of which 
rested on a pulley having eight projections 5/32 in. high. 
This pulley was driven at a speed of 400 r.p.m. during 
the tests. 

After reviewing the results of these tests it was the 
opinion of the Committee that the soldered coupling with 
a %-in. sleeve would give the most satisfactory results. 
This was adopted, therefore, as recommended practice. 
It was said, however, that the union with the 34-in. sleeve 
had given better satisfaction in the tests, but inasmuch 
as the larger sleeve is more difficult to solder it was con- 
sidered expedient from a military standpoint to adopt the 
14-in. size. 

Dispatch Motorcycles. Mr. Rottweiler, having been 
designated to formulate a specification for a lightweight 
motorcycle, suggested a machine to weigh about 185 
lb., the engine not to exceed 45 cu. in. displacement and 
to develop about 10 hp., A. L. A. M. rating, at 2100 r.p.m. 
The preferable speed however would be 1800 r.p.m., this 
being calculated to be the most economic one to suit the 
average motorcycle speed of 32 m.p.h. The machine 
specified could make from 50 to 60 m.p.h., however. It 
would have 26-in. wheels with CC rim section and 244-in. 
tires. The clutch pedal, brake pedal, gearshift and other 
details might conform to standard military motorcycle 
practice. 

The possibility of using lightweight motorcycles for 
military “solo” service was discussed, but in view of 
the lack of sufficient data it was suggested that the 
Government make tests and determine the relative merits 
of the light and heavy designs. 

Weight Specification. A form for listing weights of 
motorcycles, side-cars and their parts was submitted by 
Messrs. Butler and Herrington. This to be used by 
manufacturers so that purchasers can make an intelligent 
comparison. ‘This form will be considered by the mem- 


bers of the Committee and definite action taken at-its 
next meeting. 


MeetTiInG or MiIsceLLANEOUS DIVISION 


The meeting of the Miscellaneous Division held Aug. 
30, at Chicago, was attended by Chairman E. H. Ehrman, 
Clarence Carson, C..S. Crawford and Ernest E. Sweet. 

Steering-Wheel Hubs. The information on this sub- 
ject collected by the office of the Society requires further 
consideration. It was decided, therefore, to send all the 
drawings to Chairman Ehrman, to accurately represent 
the screw threads and sizes of the various makes. 

Yoke and-Eye Rod Ends.. The Tractor Division has 
suggested that the present standard sizes (Data Sheets 
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1, 1A, 2, S. A. E. Handbook), be extended to 1-in. 
diameter. The Division recommends that % and 1-in. 
sizes be added to the adjustable yoke ends, plain yoke 
ends and rod ends now standardized. 

Bumpers for Automobiles. L. P. Halladay, president 
of the Automobile Bumpers Association, offered the co- 
operation of his association in standardizing bumpers. 
The Division recommends the following bumper dimen- 
sions (in inches) for standardization: 


Front. Rear. 
Height, center of face to 
OL AS 21 22 
Overall length.......... 59 to 60 59 to 60 
Bumper face .......... Flat Flat 
Vertical depth bumper 
8 ae 2 21 


It was also suggested that Mr. Halladay prepare a 
statement for THE JOURNAL outlining the necessity for 
suitable bumper attachments, thus paving the way for 
the standardization later of attachment fittings. (This 
statement is given in this issue.) 

Spark-Plug Shells. The Division voted that “if any 
hex intermediate between 7% and 1% in. be adopted 
the l-in. size should be recommended.” 

A. S. M. E. Standards Work. Chairman Ehrman re- 
ported that a committee of the American Society of Me- 
chanical Engineers is revising the A. S. M. E. machine- 
screw dimensions; also that an A. S. M. E. committee is 
making tests in order to determine proper thread toler- 
ances. 

S. A. E. Screws and Bolts. The Division voted that 
the relief of the underside of the head and of the face 
of nuts for S. A. E. screws and bolts may be obtained 
by chamfering at an angle not exceeding 15 deg. from 
the face of the nut or under side of the head. This cham- 
fer is not to extend beyond the short diameter. 

Speedometer Heads. A number of speedometers have 
‘been sent to the S. A. E. New York office in order to help 
the Division formulate a standard for diameter of instru- 
ment-board hole. It is believed that a standard diameter 
can be arranged provided the instrument makers place 
the center of the reset 21 in. to the right of the center of 
the dial and 14 in. below the horizontal. The diameter 
of this reset is not to exceed 11/32 in., and the diameter 
of the hole in the instrument board shall be 3 9/16 in. 
Smaller instruments could use an adapter ring. 

Drawing Sizes. It was the consensus of opinion that 
the 81% by 11-in. size and its multiples are preferable, 
considering paper sizes, filing systems and general con- 
venience. The information collected as to the drawings 
now in use by manufacturers does not indicate a prefer- 
ence for these sizes, so that the Division will present the 
merits of the 81% by 1ll-inch system to the manufac- 
turers. 

Odometers. Immediate action is needed on this sub- 
ject. The Government will use a large number on mili- 
tary trucks. The construction required in this service 
must be such that the mounting, detaching and sealing 
in place can be done quickly. A sub-division is consider- 
ing this subject and will report at the next meeting. 

Other subjects now under consideration are ball and 
socket joints for magneto and carbureter control and 
proportions of screw, bolt and rivet heads. Information 
will be collected from the manufacturers as to the sizes of 
joints, so that the Divisions can outline a recommenda- 
tion. Considerable information has already been re- 
ceived regarding head-proportions; a drawing is to be 
prepared showing the shape of various heads and the 
names proposed for them, 
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Cuicaco Merrine or Tractor Division 

The meeting of the Tractor Division, held Aug. 31 at 
Chicago, was attended by C. M. Eason, acting as chair- 
man, Fred Glover, E. R. Greer, Raymond Olney, George 
T. Strite and Standards Manager M. W. Hanks. 

Carbureter Flanges. The Division voted to recom- 
mend that tractor carbureters be fitted with S. A. E. 
Standard flanges, these to be enlarged one size. That is, 
the 1-in. tractor carbureter will take a flange specified for 
a 1% carbureter, according to the present recommended 
practice, as given on Sheets 35 and 35a, Vol. 1., S. A. E. 
Handbook. ) 

Spark-Plug Shells. The Division voted that the shell 
recommended by the Aeronautic Division of the Stand- 
ards Committee (see pages 42 and 89, July JOURNAL) 
should be recommended as standard for tractor engines. 

Tractor Power Rating. The Division voted to recom- 
mend that “horsepower” be substituted for “power” in 
the drawbar and belt-power ratings contained in the 
report accepted at the June meeting of the Society. (See 
page 59, July JOURNAL.) 

Fuel and Lubrication Pipe Lines. The Division voted 
to recommend that all fuel and lubrication pipe lines 
for tractor engines and service be of 5/16-in. o. d. tub- 
ing; that couplings be of the compression type with 4-in. 
pipe threads for the permanent male end. 

Punching of Driving Wheels. A sub-division consist- 
ing of H. C. Buffington, W. J. McVicker and George T. 
Strite was appointed to secure information from tractor 


manufacturers as to satisfactory standards for such 
punchings. 
Specification Forms and Nomenclature. C. M. Eason 


and Dent Parret were appointed a sub-division to arrange 
for “condensed” and “complete” specifications forms. This 
sub-division is also charged with the duty of investigat- 
ing the subject of tractor nomenclature. The work done 
by the National Gas Engine Association will be considered 
in preparing forms and in establishing nomenclature. 

Impulse Magneto Couplings. The length of the coupling 
recommended by the National Gas Engine Association 
must not exceed 2.375 in. It is difficult to make a satis- 
factory coupling with this limitation. The Division will 
consult engine builders in order to ascertain if the length 
can be made 3 in.; this dimension is the distance from the 
large end of the magneto-shaft taper to the bearing face 
of the drive-shaft. 

Connecting-Rod Bearing Dimensions. It is believed 
that fractional sizes of connecting-rods and bearings 
can be eliminated advantageously, thus permitting stand- 
ard bearings to be purchased by users for replacement 
purposes. Information will be collected from tractor 
and engine companies with the view of recommending, 
if possible, the elimination of odd sizes, thus adhering 
to bearings that will vary by quarter inches in both 
length and diameter. 

S. A. E. Bolts and Nuts. It was the sense of the 
Division that S. A. E. bolts and U. S. bolts and nuts 
for use on tractors and tractor engines vary only by 
one-eighth inches. A sub-division consisting of C. E. 
Frudden and R. O. Hendrickson will consider this recom- 
mendation. 

Power Belt Widths. . The Division believes. that a 
table or diagram might be prepared to indicate the belt 
width required for delivering a certain horsepower. This 
might be arranged so as to take into consideration the 
diameter of pulley which is necessary because at the same 
belt speeds large pulleys will transmit more power than 
small ones. The subject was referred to G. B. Bunlogsen. 

Drawbar Design. E. R. Greer, of the Division, will 
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design a drawbar and submit a number of samples, these 
to be made by the Emerson Brantingham Company and 
sent to the tractor companies for trial. 

Steel and Shafting Sizes. A sub-division consisting of 
D. P. Davies, W. J. McVicker and George T. Strite, 
will report regarding: 

(1) The minimum number of steel specifications that 
will satisfy the needs of the tractor industry, S. A. E. 
Standard Specifications being used wherever possible. 

(2) The minimum number of shapes and sizes of both 
hot and cold-rolled steel to answer the tractor require- 
ments. 


It was the sense of the Division that S. A. E. six- 


spline fittings, to slide when not under load, can be used 
in all cases for tractor work, and that the dimensions 
already standardized (Sheet 7b, column 6, Vol..I., S. A. E. 
Handbook), should be used for the broached hole. The 
shafting should be milled to fit on the top of the key 
when desired, or to fit at the bottom of the spline when 
used for case-hardened gears. A table will be prepared 
giving the size of shafts necessary to fit broached holes. 

S. A. E. Tractor Standards. A sub-division consist- 
ing of A. W. Scarrett, A. Krieg and Leonard Wilson will 
review all S. A. E. standards and recommend those that 
are immediately applicable for use by the tractor in- 
dustry. 


REPORT OF SEPTEMBER COUNCIL MEETING 


r1\HE September meeting of the Council was held on the 

12th of that month, at the Washington office of the 
Society. Those present were: Second Vice-President 
Chas. M. Manly, who presided in the absence of President 
Dunham; and Councilors David Beecroft, F. E. Mosko- 
vics, H. L. Horning, C. W. McKinley, John G. Utz, Treas- 
urer Herbert Chase, and General Manager Coker F. 
Clarkson. 

A report submitted by the Finance Committee contain- 
ing a proposed budget for the coming fiscal year of the 
Society was approved by the Council. 

Councilor Beecroft reported, as chairman of the Meet- 
ings Committee, that the two meetings held at Fremont, 
Neb., Aug. 5 and 6, were extremely successful. It was 
the opinion of the members of the Council that it was 
desirable to have professional meetings of the Society 
in conjunction with tractor demonstrations and other 
exhibitions of automotive apparatus. 

It was decided to hold the Annual Meeting of the So- 
ciety in New York, Jan. 10, this to be preceded by a 
meeting of the Standards Committee on the preceding 
day. The business session is to be held at 10 a. m., the 
professional session at 2 p. m., and a dinner at one of the 
largest New York hotels at 10.30 on the evening of the 
10th. 

It is also planned to hold a meeting of the Society 
at the time of the Chicago Automobile Show, either 
Jan. 30 or 31, at the Hotel La Salle. An afternoon ses- 
sion will be devoted to the presentation of tractor and 
other technical papers, and a dinner will be held in the 
evening, to be devoted to a discussion of engineering 
problems connected with the war. It is probable that 
professional sessions of the Society will be held during 
the coming winter at the time of the Motor Boat and 
Aeronautic Expositions, provided these take place. 

The Council voted to make the following transfers 
in grade of membership: From Associate to Member, 
A. W. Copland and L. A. Sommer; from Junior to Mem- 
ber, G. C. Mather; and from Associate to Junior, Frank- 
lin Gifford. 

It was voted the sense of the Council that a foreign 
grade of membership should be established, with low 
dues, and involving high requirements for entrance. 


Applicants to the number of 241 were elected to mem- 
bership in the Society, these being assigned to grades 
as follows: 61 Members, 140 Associate Members, 20 
Junior Members, 5 Affiliate Members, 8 Affiliate Member 
Representatives, and 7 Student Enrollments. 

(The names of the applicants for membership who 
have qualified between Aug. 1 and Sept. 19 are given on 
another page.) 

The formation of a Motorcycle Division of the Stand- 
ards Committee was authorized. Those appointed to 
membership on the committee, with assignment to the 
Motorcycle Division, will be announced at a later date. 


E. W. Acker was appointed a member of the commit- 
tee, with assignment to the Springs Division. The 
resignation of Walter C. Keys as a member of the Springs 
Division was accepted, and he was appointed a member 
of the Miscellaneous Division. The resignation of H. H. 
Newsom as a member of the Miscellaneous Division was 
accepted by the Council. 

It was voted to establish a Fuel and Lubricants Divi- 
sion of the Standards Committee. The following were 
appointed to the committee with assignment to this 
Division: H. L. Horning, chairman; H. G. Chatain, W. 
F. Parish and C. W. Stratford. 


The present Chain Division having practically finished 
its work in connection with silent chains, it was decided 
to disband it and to form a new Division to be charged 
with the duty of formulating standards for roller chains. 
The following were appointed to the committee with as- 
signment to the new Chain Division: W. J. Belcher, John 
R. Cautley, Wm. F. Cole, D. P. Davies, H. F. L. Funke, 
W. S. Harley, H. S. Pierce, A. T. Scaife and L. M. 
Wainwright. 


It was the sense of the Council that the Aeronautic 
Division should work in close cooperation with the In- 
ternational Aircraft Standardization Board, which has 
been formed to standardize the requirements of this coun- 
try and of its allies. 


It was voted to accept the invitation of the British 
Engineering Standards Committee to send a representa- 
tive of the Society to attend an International Screw 
Thread Conference to be held in London. 
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Bumper-Fitting Standardization 


By L. P. Hatuapay* 


T a meeting of the Miscellaneous Division of the 
A S. A. E. Standards Committee, held at the Congress 

Hotel, in Chicago, on Aug. 30, 1917, which the 
writer attended by invitation, the standardizing of 
bumpers was given serious consideration. 

It is recognized by engineers, and the public generally, 
that bumpers for automobiles have become a necessity. 
Owing to the great number and variety of cars made, it 
seems that standard specifications for the construction 
and attachment of bumpers are absolutely necessary. 
The Miscellaneous Division of the Standards Committee 
has recommended that a uniform height be adopted for 
both front and rear bumpers, also that a standard length 
of bumper be maintained and a standard width of section. 
These recommendations are given on page 220 of this 
issue. 

With these proposed standards maintained, in case of 
collision, either front or rear, the bumpers on the cars 
will come in contact, thus avoiding serious injury to 
lamps, fenders, radiators, and other parts usually dam- 
aged by collisions. Special or irregular shapes of bumper 
bars, presenting other than a flat surface, should not be 
encouraged. 

The great difficulty in making standards of this kind 
effective is on account of the varying construction of 
cars, as a result of which it is impossible in many cases 
to adopt the standards. Serious thought should, there- 
fore, be given to the method of attaching bumper fittings. 

The recommendation of the height for the front bumper 
from the ground was based on a 34-in. wheel and on a 
front-spring eye of the frame placed 4 in. above the cen- 
ter of the wheel. This would determine the center line 
of the bumper bar and would enable the fitting to be placed 
directly on the front end or nose of the frame, so that the 
direct thrust of collision would be taken on the main 
frame of the car. It will at once be seen that a 2-in. 
face of bar will allow some variation in height and still 
accomplish the objects desired. 

To secure complete standardization of bumpers, very 
careful consideration and cooperation will have to be 
given by automobile engineers and designers, as owing to 
the present construction no manufacturer of bumpers 
can maintain these proposed standards. 

The bumper manufacturers, at present, are forced to 
carry a great variety of fittings; in many ways this is 
undesirable, and is confusing to car manufacturers, deal- 
ers and users. With the object of simplifying this con- 
dition, I, at the request of the Miscellaneous Division, and 
as a representative of the Automobile Bumper Manufac- 
turers, offer a few suggestions for consideration by auto- 
mobile engineers and designers. 

The great difficulty that the trade in general is having 
at present in attaching bumpers is on account of the 
many different designs of mud or splash aprons. In 
some cases, aprons extend to the end of the frame or 
spring eye, and in others both on the inside of the frame 
as well as the outside, leaving no possible chance for a 
bumper to be attached without disfiguring the car or 
without making a complicated and undesirable fitting, 
that in itself defeats the ideas recommended for stand- 
ardization. 





*Ppresident, L. P. Halladay Company. 


This entire trouble could be eliminated easily if splash 
aprons did not extend down farther than 1% in. for a 
distance of 5 in. from the end of the frame or spring eye. 
It is believed that aprons made in this way would accom- 
plish all they are intended for—that is, to prevent the 
splashing of mud over radiators, lamps, and other parts 
of the car, and would still afford an opportunity of at- 
taching almost any standard make of bumper to the 
frame. 

If this is not desirable, then it is suggested that the 
inner apron be extended down as far as desired, but be 
arranged so as to fit close to the frame, and so that the 
outer apron does not extend down closer than 5 in. to the 
spring eye. The bumper manufacturers can then furnish 
a side-clamp fitting and still meet the ideas of the Mis- 
cellaneous Division as to uniformity of height. 

It is the opinion, however, that a side fitting is not 
desirable as is one that can be attached to the top or to 
the end of the frame, thereby taking the entire thrust 
directly on the frame. If the apron is not extended 
down too close to the spring eye, the bumper manufac- 
turer can produce a line of fittings that will fit practically 
all cars and accomplish the desires of the Miscellaneous 
Division. 

It was suggested by a member of the Division that 
the engineers might design a frame spring-connection 
that could be made as a special style of saddle and that 
would give an opportunity to attach a bumper fitting. 
This, of course, could not be accomplished for some time, 
possibly a year or more, but certainly should be given 
the most careful consideration by designers. In the 
meantime, however, if the aprons can be shortened as 
suggested it will go far toward eliminating the great 
difficulty now experienced. 

Rear Bumpers 


The attachment of rear bumpers is much more difficult 
at this time than that of front bumpers, because numer- 
ous cars have no provision whatever for the attaching 
of the former. 

It is most likely, owing to the present congested condi- 
tions of traffic, and for the protection of cars, that a 
rear bumper is as essential as a front bumper. Special 
attention, therefore, should be given by designers for 
providing some method of attaching a bumper to the rear 
of a car, such method of attachment to be made in some 
form that will, of course, conform with the standards 
mentioned. 

There is little difficulty in fitting bumpers to the rear 
of cars having extension frames at both front and rear 
of the car; the bumper manufacturers can then easily 
make fittings that will conform with the proposed stand- 
ards. It is extremely difficult, and in fact impossible, 
to attach bumpers to cars having cantilever springs and 
with no extension of frame or method of attachment. 

It may be possible to make attachments part of the 
various forms of tire holders, providing the holders are 
supported by the frame itself. It will certainly be a mis- 
take to attach bumpers to tire holders and let the force 
of a collision be taken by such holders. 

Another method of attaching bumpers to the rear of 
cars is by clamping the fittings to the upper portion of 
a three-quarter elliptic spring. In the writer’s opinion, 
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this should not be done, for the reason that it is almost 
impossible to make any form of fitting that will clamp 
to a spring and remain tight while the spring is in action. 

A leaf spring is not designed to be clamped so as to 
form a solid body without freedom of action, and this 
practice should not be encouraged. Designers of cars 
having three-quarter elliptic springs, it is hoped, will pro- 
vide some method by which a bumper fitting can be at- 
tached without the necessity of clamping it to the springs. 

All bumper manufacturers will unquestionably cooper- 
ate with the Miscellaneous Division of the S. A. E. Stand- 


ards Committee to the fullest extent, and will produce 
fittings that will attach to almost any reasonable form of 
standard that the Division may propose, even though a 
number of fittings will be required for the attachments 
needed with the different types of spring suspension. 

In considering this matter the bumper manufacturers 
trust that the engineers and designers of cars will realize 
the enormous service that they can extend to the public, 
dealers and jobbers by eliminating the mistakes now made 
on account of not having standard bumper attachments. 
By doing this they can also benefit themselves. 


HONOR ROLL OF SOCIETY MEMBERS 


HE following members of the Society have been as- 

f hevelie to active duty in some branch of the military 
or naval service of the United States or of its Allies. In 
order that this list may be kept complete and up to date, 
members who become connected in any way with the 
Services are requested to notify the Society office im- 
mediately. 

Barker, C. Norman, pilot cadet, Royal Flying Corps of 
Canada. 

Blake, M. H., first lieutenant, Ordnance Officers’ Re- 
serve Corps, U. S. A., Washington, D. C. 


Brown, Arthur B., captain, Sanitary Corps, U. S. Na- 
tional Army, assigned to duty under Major Fishleigh. 

Clark, Virginius E., lieutenant colonel, Signal Corps, 
U. S. A., Washington, D. C. 

Coe, Edw. M., first lieutenant, Quartermaster Corps, 
U. S. A., Washington, D. C. 

Deeds, Edward A., colonel, Signal Corps, U. S. A., 
Washington, D. C. 

Dickey, Herbert L., captain, Ordnance Department, U. 
S. A., Washington, D. C. 

Earle, Lawrence H., lieutenant, Ordnance Officers’ Re- 
serve Corps, U. S. A., assigned to duty as inspector of 
ordnance, Holt Mfg. Co., Peoria, IIl. 

Farrell, Matthew, captain, Quartermaster Officers’ Re- 
serve Corps, U. 8S. A., Pierce-Arrow Motor Car Co., Buf- 
falo. 

Furlow, James W., major, Quartermaster Corps, U. S. 
A., assigned to duty at the office of the Quartermaster 
General, Washington, D. C. 

Gaebelein, Arno W., lieutenant, Ordnance Officers’ Re- 
serve Corps, U. 8. A., assigned to Gun Carriage Division, 
Washington, D. C. 

Hall, Elbert J., major, Signal Corps, U. 8. A., Wash- 
ington, D. C. 

Horner, Leonard S., major, Signal Corps, U. S. A., 
Washington, D. C. 

Lewis, Charles B., captain, Ordnance Department, 
U. S. A., Camp Lewis, American Lake, Washington. 

Lipsner, B. B., captain, Ordnance Officers’ Reserve 
Corps, U. S. A., assigned to Motor Section, Washington, 
D. C. 

Morgan, M. B., captain, Ordnance Officers’ Reserve 
Corps, U. S. A., Washington, D. C. 

Myers, J. L., first lieutenant, Ordnance Officers’ Re- 
serve Corps, Washington, D. C. 

Thompson, H. E., first lieutenant, Ordnance Depart- 
ment, U. S. A., assigned to Motor Section of Carriage 
Division, Washington, D. C. 

Twachtman, Quentin, first lieutenant, Signal Corps, 


U. S. A., Washington, D. C., assigned to Engine Design 
Section. 

Vincent, Jesse G., major, Signal Corps, U. S. A., Wash- 
ington, D. C. 

Waldon, Sidney D., colonel, Signal Corps, U. S. A., 
Washington, D. C. 

Wall, William Guy, major, Ordnance Department, 


U. S. A., assigned to work of motorization, Washington, 
D. C. 


PERSONAL NOTES 


Benj. H. Anibal, formerly designer, Cadillac Motor Car 
Co., Detroit, is now assistant chief engineer of the same 
company. 

Reuben Allerton, formerly manager of the Steel Pro- 
ducts Import Co., importers of ball bearings, and re- 
cently acting as merchandise broker, has assumed the 
duties of sales manager for the New England Agency 
Co., Inc., manufacturer’s agents and importers, 30 
Church st., New York. 

Edward T. Birdsall, formerly chief engineer, Pennsyl- 
vania Motors of Pittsburgh, Pittsburgh, Pa., is now engi- 
neer of The White Motor Co., Cleveland. 

Kenneth J. Boedecker, formerly inspector, General 
Vehicles Co., Long Island City, is now chief inspector, 
Lawrence Aero-Engine Corp., New York. 

Theo. C. Braun, formerly laboratory engineer, Tide 
Water Oil Co., Bayonne, N. J., is now enginger, Dixie 
Chemical Co., Petersburg, Va. 

Herbert Chase and Grover C. Loening have been ap- 
pointed members of the Special Committee on Engineer- 
ing Problems of the National Advisory Committee for 
Aeronautics. The function of this committee is to ad- 
vise with Dr. W. F. Durand, Chairman of the National 
Advisory Committee for Aeronautics, on suggestions, 
projects and inventions submitted to the committee for 
consideration. The other members of the committee are 
Dr. Wm. F. Durand, chairman; Dr. S. W. Stratton, Dr. 
H. C. Dickinson and Dr. A. F. Zahn. 

S. W. Colvard, formerly mechanical engineer, Service 
Motor Truck Co., Wabash, Ind., now inspection engineer, 
Curtiss Aeroplane & Motor Corp., Buffalo. 

W. E. Duersten, formerly general manager, Macon 
Motor Co., Macon, Mo., is now Western territorial man- 
ager, Super Spark Co., St. Louis, Mo. 

Harcourt C. Drake, formerly student in electrical engi- 
neering, University of Michigan, is now in charge of 
testing department and experimental work with Cortland 
Electric Co., Sperry Bldg., Brooklyn, N. Y. 

E. S. Echlin, formerly assistant superintendent, Clum 
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Mfg. Co., Milwaukee, Wis., is now research engineer, 
J. I. Case Co., Racine, Wis. 

James L. Elwood, formerly general manager, United 
Motors Service, Inc., Detroit, is now general manager 
and secretary of the same company. 


Henry Farrington, formerly motor truck salesman, H. 
Paulman & Co., Chicago, is now editor, Agrimotor Maga- 
zine, 20 E. Jackson Blvd., Chicago. 


Roland S. Fend, formerly consulting engineer, 104 S. 
Michigan Ave., Chicago, is now electrical and mechanical 
engineer, Room 345 People’s Gas Bldg., Chicago. 


David L. Gallup, formerly professor of gas engineer- 
ing, Worcester Polytechnic Institute, Worcester, Mass., 
and consulting automobile engineer, is now research and 
experimental engineer, Nordyke & Marmon Co., Indian- 
apolis. 

Ralph C. Garland, formerly assistant chief draftsman, 
New Departure Mfg. Co., Bristol, Conn., is now engineer 
of the same company at Detroit. 


S. E. Gibbs, formerly detail draftsman, Packard Mo- 
tor Car Co., is now in the engineering department of 
the Western Kerosene Carbureter Co., Alma, Mich. 


W. T. Hunt, formerly engineer of tests, the Locomobile 
Co. of America, Bridgeport, Conn., is now in the engineer- 
ing department, Willys-Overland Co., Toledo, Ohio. 


A. Johnson, formerly proprietor, A. Johnson & Co., 
Chicago, is now superintendent, Auto Signal Co., Sulli- 
van, Ill. 


Harry O. King, formerly treasurer, Maxfer Truck & 
Tractor Co., Chicago, is now treasurer, Phenix Truck 
Makers, Inc., Chicago. 


R. W. Knowles, formerly assistant chief engineer, Mil- 
burn Wagon Co., Toledo, is now chief engineer, Electric 
Products Co., Cleveland. 


Fred A. Law, formerly vice-president and director of 
engineering, Eastern Motors, Inc., is now mechanical en- 
gineer and designer, Maple Hill, New Britain, Conn. 

Charles L. Lawrance, formerly consulting engineer, 
Samnel S. Pierce Aeroplane Corp., Southampton, Long 


Island, is now president, Lawrance Aero-Engine Corp., 
New York. 


Zenas B. Leonard, formerly metallurgist, chief of labo- 
ratories, Standard Parts Co., Cleveland, is now metal- 


lurgical eggineer, head of laboratories, Studebaker Corp., 
Detroit. 


Warren P. Louden, formerly assistant engineer, Gen- 
eral Electric Co., W. Lynn, Mass., is now engineer, U. S. 
Light & Heat Corp., Niagara Falls, N. Y. 


W. O. Lum, formerly vice-president, Gould Motor 
Parts Co., York, Pa., is now president of the same com- 
pany. 

Ernesto Ornelas, formerly mechanical engineer, Rem- 
ington Arms & Ammunition Co., Bridgeport, Conn., is 
now mechanical engineer, Remington Arms U. M. C. Co., 
Inc., Bridgeport, Conn. 


Edward L. Parris, Jr., senior inspector, Signal Service 
at Large, Washington, D. C., is assigned to the Ericsson 


Mfg. Co., Buffalo, as inspector of airplanes and airplane 
engines. 


R. Pierpont, formerly superintendent, Remington 
Arms Co. of Delaware, is now with the Dalton Mfg. 
Corp., 1915 Park Avenue, New York. 


H. H. Pleasance, formerly assistant general sales man- 


ager, the United Steel Co., is now general manager of 
sales, United Alloy Steel Corp., Canton, Ohio. 


I. D. Rocap, formerly sales and service engineer, King 
Motor Car Co., Detroit, now has the same position with 
the Armored Motor Car Co., Philadelphia. 

J. M. Rogers is now aeronautical engineer, Bureau of 
Construction & Repair, U. S. Navy, Washington, D. C. 

Wm. C. Rosenthal, formerly engineer, the Master Mo- 
tor Car Co., was chosen in the first draft contingent, 
U. S. N. A. 

Earl V. Schaal, formerly taking general instruction 
course, Service Motor Truck Co., W. Lafayette, Ind., is 
now inspection engineer, Curtiss Aeroplane & Motor 
Corp., Buffalo. 

W. R. Smith, formerly mechanical engineer, Warner 


Mfg. Co., Toledo, Ohio, now has the same position with 
the Toledo Chevrolet Co., Toledo. 


G. B. Sturgis, formerly with the University of Mich- 
igan, Ann Arbor, Mich., is now automobile instructor, 
Central Continuation School, Stroh Bldg., Milwaukee, 
Wis. 

C. B. Veal, formerly professor of engineering design, 
Purdue University, Lafayette, Ind., is now assistant in- 
spection engineer, Curtiss Aeroplane & Motor Corp., 
Buffalo. 

Levi Earle Wheeler, formerly student, Worcester Poly- 
technic Institute, is now fire protection engineer, Rock- 
wood Sprinkler Co., Worcester, Mass. 


A. C. Woodbury, formerly standards recorder, S. A. E., 


is now in the engineering department of the Duesenberg 
Motor Corp., Elizabeth, N. J. 








Applications 
for 


Membership 





A list of current applications for membership is given 
below. The members are urged to send any pertinent 
information with regard to those whose names are given 
which the Council should have for consideration prior 
to their election. It is requested that such communica- 
tions from members should be sent promptly. 





APPLEYARD, GEORGE LUCAS, supervisor of service stations, Cadillac, 
Dodge, Overland and Franklin cars, Lawrence, Mass. 

3AKER, JOHN S., president, Baker Mfg. Co., Evansville, Wis. 

BEEMAN, E. R., president, Beeman Garden Tractor Co., Minne- 
apolis. 

BENNETT, HERBERT W., Sales engineer, Sumter Electrical Co., Chicago. 

BISHOP, CHARLES DEMORE, shop superintendent, chief instructor, 
Fargo Auto School, Fargo, N. D. 

BraGcG, CALEB S., aviation research work, Port Washington, N. Y. 

BRANFIELD, R. H., chief engineer, The New Way Motor Co., Lansing, 
Mich. 

BRINTON, Wo. C., vice-president, chief engineer, Philips-Brinton Co., 
Kennett Square, Pa. 

BROWN, WALTER, vice-president, general manager, The Webster 
Electric Co., Racine, Wis. 

BUCKLEY, R. F., chief draftsman, Premier Motor Corp., Indianapolis. 

Bupp, T. AuGustTus, oil chemist, Enterprise Oil Co., Buffalo. 

CARTER, THOMAS ARMSTRONG, service engineer, Maxwell Motor Co., 
Ltd., London, W., England. 

CLANCY, WILLIAM C., inspector, airplanes and airplane engines, Sig- 
nal Service at Large, U. S. Army, Aviation Section of Signal 
Corps, Indianapolis. 

CLIPSON, FREEMAN C., vice-president, sales manager, 
Paige Co., Pittsburgh, Pa. 

COCHRANE, FRED I., general superintendent, Harvey E. Mack Co., 
Minneapolis. 

CONRADSON, Pontus H., chief chemist, Galena-Signal Oil Co., Frank- 
lin, Pa. 


Pittsburgh 
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CREAGER, EDWIN FRANCIS, assistant factory manager, Remy Elec- 
tric Co., Anderson, Ind. 

CREAMER, J. M., vice-president, American Propeller & Mfg. Co., 
Baltimore, Md. 

Davips, Wm. C., mechanical engineer, Rutherford, N. J. 

Dops, Norton Lurcort, president, general manager, Vernon Auto- 
mobile Corp., Mount Vernon, N. Y. 

DopGE, HARRY DANIEL, sales engineer, The Webster Electric Co., 
Racine, Wis. 

DuFFyY, GEORGE NICHOLS, chief inspector, Canadian Aeroplanes, Ltd., 
Toronto, Can, 

DuTREUX, AUGUSTE, managing director, Societé Pour Equipment 
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Lio. 

SouDER, VERNON G. (A) service engineer, General Motors Export Co., 
11 Broadway, New York. 
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VON POETTGEN, CaRL S. (A) advertising counsel, 1308 Kresge Bldg., 
Detroit. 

WaALLutne, C. E. (M) production engineer, Diamond Chain & Manu- 
facturing Co., Indianapolis, (mail) 3102 N. Jersey Ave. 
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Book Reviews 
for 
S. A. E. Members 


This section of the S. A. E. JOURNAL is devoted to 
the technical books considered to be of interest to mem- 
bers of the Society. Such books will be described 
briefly as soon as possible after their receipt, the pur- 
pose being to show concisely the general nature of their 
contents and to give an estimate of their value. 


STEEL AND ITS HEAT TREATMENT 
Published 1917 by John Wiley & Sons, Inc 
in., 441 pages, 228 ill. Price $3.75. 

An appendix on the subject of modern high-speed 
steels is a valuable addition to the second impression of 
the first edition of “Steel and Its Heat Treatment.” In 
this appendix chemical analyses are given of high-speed 
steels such as are now generally used for heavy duty at 
high speeds and for finishing when a perfect surface is 
not required. An average of analyses of over twenty 
different makes of American steels as well as the com- 
position of foreign steels are presented. The effect of 
tungsten and chromium in high-speed steels is fully 
stated and the critical ranges given, these being taken 
from the work of Sauveur and Yatsevitch. The descrip- 
tion of the Taylor-White method of treating high-speed 
steels is amplified by appending Taylor’s remarks. The 
American methods of hardening are given. The author 
recommends a hardening temperature of from 2275 to 
2325 deg. fahr. 

“Steel and Its Heat Treatment” is a comprehensive 
survey of the subject. The author has brought together 
the theoretical and the technical sides of the subject in a 
concise and interesting manner. Theories have been ad- 
vanced only so far as necessary for a clear understanding 
of the principles involved. The illustrations in the form 
of microphotographs and charts are responsible in a 
large part for the clearness with which the subject is 
presented. 

The first chapter, on the testing of steel, covers all 
the common tests with general criticisms as to their 
value. The structure of steel is taken up in detail. The 
formation and properties of cementite, pearlite, austen- 
tite and eutectoid steels as well as the allotropic modifi- 
cations of ferrite and the critical temperatures are fully 
described. Annealing is treated as a correlation of the 
rate, temperature and length of heating and the time of 
cooling. This is amplified by giving the exact treatment 
of different steels for different classes of work. 

The chapter on hardening covers methods of heating 
and quenching and the properties of martensite, troos- 
tite and sorbite. The temperatures for hardening are 
given, the author stating that the lowest hardening tem- 
perature is the best for the steel. The use of the mag- 
net is mentioned and the important part that the human 
element plays is discussed. The value of different baths 
for quenching and the methods of keeping these at the 
correct temperature are described. The matter of 
quenching is given its required importance. 

Tempering is fully covered. The chapter on case car- 
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burizing gives the methods and apparatus now in use, 
special attention being paid to the cyanide method. 
Additional information is presented on the thermal 
treatment. Two chapters are devoted to heat generation 
and its application, which cover the different types of 
furnaces and the correct methods of heat application. 
The author states that the average heat-treatment shop 
needs a drastic awakening from the lethargy of “cut- 
and-dried” systems, poorly designed and “home-made” 
furnaces, inefficient treatment and handling of products. 
Carbon, chrome, nickel, chrome-nickel, vanadium and 
tool steels are taken up in detail. The correct heat treat- 
ment as well as the chemical analyses are given for differ- 
ent classes of work. Under the matter relating to tool 
steel the carbon contents for the different ordinary tools 
are listed. Miscellaneous heat-treatment methods that 
are representative of distinct classes of work, such as 
gears, springs, bits, vault-steel, steel castings, wire and 
forgings are given. The subject of pyrometers and their 
use in determining the critical ranges of temperature 
is treated in a general way. 
AEROPLANE DESIGN 
EXPLANATION OF 
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By F. : 
INHERENT STABILITY. By W._H. 


Published 1917 by Robert M. 


McBride & Co. 
Cloth, 5 by 7 in., 102 pages, 28 ill. 


Price $1 

In 1914, Mr. Barnwell presented before the Glasgow 
University Engineering Society a paper on the design 
of airplanes. This paper was subsequently printed, with- 
out any alterations or additions, in The Aeroplane. The 
demands for the issue containing this paper were so 
great that it was deemed wise to publish it in book form, 
together with another, a paper by Mr. Sayers on “The 
Stability of the Aeroplane.” The value that the aero- 
nautic engineers set upon these papers can be estimated 
when one realizes that although the theories and prac- 
tices of aeronautics appear to be changing every day, 
this book has now reached the third impression. 

Current articles on airplane design are, to a large ex- 
tent, more of a mathematical labyrinth than a straight- 
forward development of engineering thought, at least 
to the engineer unfamiliar with aerodynamics. This 
book is a fine example, however, of the latter method. 

The fact that Mr. Barnwell, now a captain in the Brit- 
ish Royal Flying Corps, used the method outlined in 
his paper in developing the British Scout, which proved 
to be the fastest airplane up to the end of 1915, and 
that other aeronautical engineers have approved this 
method, adds to the value of the book. The author has 
the reputation in England of being one of their best air- 
plane designers. 

Mr. Barnwell has limited himself to three types of 
airplanes, the tractor monoplane and biplane and the 
pusher biplane. Certain conditions are assumed and 
the airplane designed to fulfill these conditions, all cal- 
culations and developments being given in full. Data 
on aerofoils are taken entirely from experimental work, 
the author stating that the reactions on none but the 
simplest forms can be calculated from the first principles 
of aerodynamics. 

Mr. Sayers has been intimately connected with the 
aircraft industry since the earliest days, and has made 
a special study of stability in airplanes. He is at present 
a lieutenant in the Royal Naval Air Service, assigned 
to technical duty. 

The simple, straightforward explanation Mr. Sayers 
gives of the principles by which inherent stability may 
be attained should be of value to both the mathematical 
and non-mathematical reader. 
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